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COERIGENDA. 

Page  142,  line  10,/»r  "too  intimate oonnectioii,"  read  "combined  nae.** 
^  ^^  20,  <mU  "  if.'* 

26,  o«i»/"»o." 

31,/or  "Boguslans,"  read  <*  BojifislauB." 
9,/or  "  effective,"  read  **  efficient." 
4  (of  the  note),/or  "  when,"  read  "  that  is  to  aay." 
6  (from  bottom  of  the  note),/>r  "  extremities,"  read  "ex- 
tremity." 
%,Jbr  "  casual,"  read  "  causal." 
29,ybr  "  furrowed  cells,"  read  "  deaTage-cells." 
2,  fir  "  in,"  r«r«/  "  upon." 
2^,  fir  «•  jgrooTOg,"  fwii  "  cleavage." 
30,^  "  mdistinguishable,"  rmk^  "  not  an  independent  one." 
8,  /or  "  as  an  organ  of  departure  for  the  skin,"  read 

"  having  as  an  organ  of  departure — ^the  skbL" 
10,  fir  ''as  an  organ  of  dep«rture  tor  the  intestine,"  read 
"  having  as  an  ornui  of  departure — the  intestine." 
30,ybr  "  Utter,  just,"  rwd  "  Utter.    Just." 
4, /or  "  during  the  srooving,"  read  "  during  deavage; 
^,fir  "furrowed  oeus,**  read  "  segmentation-products. 
6,]/^  "germinal  vesicle,"  read  "blastodermic  sac" 
16,  for  "Wore  it  developed  the  true  body  cavitv,"  read 
"  before  the  true  body  cavity  developed* 
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COEEIGENDA. 

Page  227,  line   4,  omit  "  the." 

228,    „    12,  omit  "  much  more." 

230,    „    19,/of  "  germ-lamell8B,"  read  "  germ-lamella." 

236,    „    IS f  fir  "  IS  of  different  epochs  and  of  phylogenetic  origin,' 

read  "is  phylogenetically  of  different  epochs  and 

origin." 
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238,    „     3  (from  bottom), /or  "  furrowed  cells,"  read  "  cleavage- 


masses." 


239  „    32,/>r  "  constitutive,"  read  "  constituent." 

240  „      S,fir  "  improvement,'*  read  "  development." 
99      99    19,/or  "  very,"  read  "  every." 


MEMOIRS. 


Some  Account  of  Kleinenbbro's  Resbarchbs  on  the 
Anatomy  and  Development  of  Htdra.  By  Professor 
Allman,  M.D.,  LL.D.,  F.R.C.S.I.,  F.R.S.,  M.R.I.A. 

Since  Abraham  Trembley  about  a  hundred  and  thirty  years 
ago  first  made  us  acquainted  with  some  of  the  most  important 
facts  in  the  morphology  and  vital  phenomena  of  Hydra,  this 
remarkable  little  animal,  which,  along  with  Cordylophoraj 
constitutes  all  we  as  yet  know  of  the  hydroid  fauna  of  the 
fresh  waters  of  our  globe,  had  become  the  subject  of  various 
investigations.  Many  of  these,  however,  had  led  to  results 
manifestly  erroneous,  while  even  the  most  careful  and  com- 
plete of  them  had  left  much  to  be  still  determined  regarding 
the  anatomy,  development,  and  life-history  of  an  animal  whose 
examination  by  Trembley  marked  out  one  of  the  great  epochs 
in  the  progress  of  biological  research. 

Quite  lately,  however,  a  memoir  on  Hydra^  has  been  pub- 
lished by  a  German  zoologist.  Dr.  Nicolaus  Klein enberg, 
which,  in  exhaustiveness  and  in  the  value  of  the  results 
arrived  at,  must  take  its  stand  among  the  most  important  of 
recent  contributions  to  the  zoology  of  the  lower  members  of 
the  animal  kingdom.  It  is  proposed  to  give  here  a  resume  of 
the  most  significant  facts  which  the  researches  of  Kleinenberg 
have  made  known  to  us — researches  which  extend  over  the 
fields  of  both  anatomy  and  development.  His  observations 
have  been  made  chiefly  on  Hydra  mrtdis,  but  they  also 
include  the  forms  which  he  mentions  under  the  names  of 
S.  aurantiaca  and  H,  grisea,  and  which  are  probably  only 
varieties  of  H,  vulgaris. 

The  anatomical  section  of  the  memoir  embraces  the  struc- 
ture of  both  endoderm  and  ectoderm — tissues  which  difler  in 
some  very  important  points  from  one  another. 

The  endoderm  is  composed  entirely  of  cells,  which  are 
arranged  in  a  single  layer.     These  cells  are  simple  nucleated 

*  'Hydra,  eine  Anatomisch-entwicklungsgeschichtliclie  Untersuchung.' 
Von  Dr.  Nicolaus  Kleinenberg,  Mit  vier  lithograpbirten  Tafeln.  Leipzig, 
1872. 
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masses  of  protoplasm,  quite  destitute  of  investing  membrane. 
In  the  tentacles  and  basal  portion  of  the  animal  eitcb  encloses 
a  vacuole,  wbicb  is  filled  witb  a  clear  fluid,  which,  in  its 
behaviour  with  reagents,  scarcely  diflera  from  pure  water. 
In  the  cells  of  the  stomach-region  thereianoconstantvacuole, 
these  cells  being  here  uanally  iu  the  condition  of  solid  proto- 
plasm masses. 

Imbedded  in  the  protoplasm  of  the  endodermal  cells  of 
H.  tiridis  there  occur  not  only  the  nucleus,  but  the  green 
granules.  These  have  a  diameter  of  0009  mm.  They  con- 
sist, fundamentally,  of  a  firm  mass,  very  rich  in  albumen, 
coloured  dark  brown  by  iodine  and  deep  red  by  carmine  or 
aniline'.  Lying  over  this  is  an  exceedingly  thin  layer  of  green 
colouring  matter,  which,  in  its  optical  and  chemical  proper- 
ties, is  intimately  allied  to  the  chlorophyll  of  the  vegetable 
cell,  if  it  be  not  absolutely  identical  with  it.  It  will  be  here 
seen  that  the  conclusions  of  Kleinenberg  correspond  witb 
those  of  Cohn,  who  had  already  maintained,  as  the  result  of 
careful  investigation,  the  identity  of  the  green  matter  of 
Hydra,  and  of  certain  green  infusoria  with  the  chlorophyll  of 
plants. 

Witli  the  green  granules  are  also  associated  smaller  cor- 
puscles which  have  an  angular  shape,  and  instead  of  tlie  pure 
green  of  the  others,  possess  a  dark  sooty  colour.  These  are 
frequently  found  conglomerated  into  heaps  of  very  small,  dark 
brown  or  black  granules.  The  free  end  of  the  cell  never 
contains  chlorophylle  granules;  here,  on  the  contrary,  the 
brown  and  black  granules  are  accumulated. 

In  Hydra  aurantiaca  and  H.  grisea  the  place  of  the  chloro- 
phyll spherules  is  taken  by  colourless,  round  or  oval,  firm 
albuminous  corpuscles,  which  are  developed  in  the  cells 
forming  the  endoderm  of  the  stomach  cavity.  Apart  from 
the  want  of  chlorophyll,  these  are  quite  like  the  gi'cen  cor- 
puscles of  H.  viridis.  They  are  also  associated,  as  in  the 
latter  species,  with  dark  granules.  In  all  the  species  fatty 
particles  and  oil-drops  are  also  found  imbedded  in  the  endo- 
dermal protoplasm. 

In  all  parts  of  the  body  cavity  certain  cells  of  the  endoderm 
may  he  seen  carrying  a  long  very  slender  cilium  ;  rarely  two 
such  cilia  may  be  found  on  one  cell.  The  ciliated  cells,  how- 
ever, are  isolated,  and  do  not  constitute  a  continuous  ciliated 
lining  of  the  body  cavity,  and  Kleinenberg  calls  attention  to 
the  interesting  analogy  between  this  and  an  entirely  similar 
form  of  vibratile  tissue  (the  Cieisselzellen  of  Haeckcl)  which 
occurs  in  the  sponges. 

Such  are  the  most  important  points  of  structure  which  we 
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may  now  regard  as  established  in  the  endoderm  of  Hydra. 
Most  of  them,  it  is  true,  have  already  been  made  known  by 
other  observers,  but  it  is,  nevertheless,  a  matter  of  no  little 
value  that  they  should  be  thus  confirmed  by  the  very  careful 
researches  of  Kleinenberg. 

While  the  endoderm  thus  forms  a  simple  cell  layer,  the 
ectoderm  on  the  other  hand  is  a  complex  membrane.  It  is 
in  Kleinenberg's  statements  regarding  the  structure  of  this 
part  of  the  Hydra  body  that  the  most  original  results  of  his 
anatomical  investigations  are  to  be  found.  The  methods 
which  he  has  employed  with  most  success  in  his  examination 
of  the  ectoderm  consist  in  making  transverse  sections  of  the 
animal  after  it  has  been  hardened  by  being  allowed  to  remain 
during  a  period  varying  from  one  to  three  days  in  a  solution 
of  chromic  acid  of  0'025  per  cent.,  and  then  steeping  these 
sections  for  a  quarter  or  half  an  hour  in  dilute  acetic  acid 
0*25 — 0*05  per  cent.  The  preparations  may  then  be  coloured 
with  fuchsin  and  preserved  in  dilute  glycerine. 

In  sections  thus  made  we  find  externally  a  simple  layer 
of  large  cells,  which  are  in  the  condition  of  solid  protoplasm 
masses,  with  large  ellipsoidal  nuclei.  These  cells  touch  one 
another  only  by  their  broad  bases,  which  are  turned  towards 
the  surface  of  the  body ;  while  lying  below  and  running  up 
between  them  there  is  a  multitude  of  smaller  cells,  some  of 
which  contain  a  thread-cell,  some  only  a  well-marked 
nucleus;  finally,  lying  beneath  these,  and  in  close  contact 
with  the  endoderm,  is  a  narrow  clear  zone  in  which  the 
well-known  fine  muscular  fibrillae  are  imbedded. 

The  very  important  statement  is  now  made  that  each  of 
the  large  cells  which  form  the  most  superficial  part  of  the 
ectoderm,  tapers  away  towards  the  centre  of  the  section  and 
either  terminates  in  a  single  process  or  becomes  cleft  dich- 
otomously,  so  that  the  inner  end  of  the  cell  appears  many- 
times  branched.  The  cell-processes  thus  formed  all  run 
towards  the  endoderm ;  when  they  meet  this  the  finest  of 
them  bend  sharply  at' a  right  angle,  and  thus  form  the  simple 
layer  of  longitudinal  soft  fibrillse  which  lies  in  contact  with 
the  endoderm. 

To  these  fibrillae  he  assigns  the  name  of  muscle-processes 
(Muskelfortsatze).  They  are  all  bound  together  by  an 
abundant  intervening  substance  into  a  continuous  lamina, 
which  is  everywhere  included  between  the  endoderm  and 
the  ectoderm.  The  substance  by  which  the  fibrilla;  are  bound 
together  not  only  fills  the  spaces  between  the  fibrillae,  but, 
increasing  in  volume  towards  the  endoderm,  forms  a  con- 
tinuous thin  membrane,  which  by  maceration  and  tearing 
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may  sometimes  be  detached  from  the  muacle  proeesaes.  ^^ 
is  during  life  very  soft,  clear  and  colourless,  and  destitute  of 
granules.  It  is  not  coloured  by  iodine  or  carmine,  bnt  under 
the  action  of  gold  chloride  it  acquires  a  straw  colour.  It 
is  to  the  membrane  thus  formed  by  the  muscular  fibrillae  and 
their  connective  mediuni  that  Reichert  lias  given  the  name 
of  "  StiitzUmelle." 

From  the  peculiar  form  of  the  large,  endodermal  cells  there 
necessarily  lies  between  their  outer  ends,  where  they  are  in 
close  contact  with  one  another,  and  the  muscular  lamina, 
which  lies  in  contact  with  the  endoderm,  a  system  of  inter- 
communicating lacuufe.  These  lacunse  are  filled  by  the 
smaller  cells  already  mentioned.  The  tissue  thna  formed  by 
the  small  cells  he  names  the  interstitial  tissue  of  the 
ectoderm;  it  necessarily  forms  a  network  and  not  a  con- 
tinuous layer.  The  cells  composing  it  are  fusiform  or 
flattened,  and  their  protoplasm  surrounds  a  relatively  large 
nucleus  which  often  forms  the  chief  mass  of  the  cell. 

It  ia  in  the  cells  of  this  interstitial  tissue  that  the  thread- 
cells  are  formed.  These  bodies  are  described  as  commencing 
in  the  form  of  a  spherical  clear  space  which  shows  itself 
by  the  side  of  the  nucleus,  and  which,  without  being  sharply 
circumscribed  at  first,  gradually  acquires  a  double  contour, 
and  assumes  the  definitive  form  of  the  thread-cell  within 
■which  the  spirally  wound  filament  is  developed.  It  would 
seem  that  some  time  after  the  completion  of  the  thread-cell 
the  nucleus  of  the  generating  cell  regularly  disappears.  This 
cell  then  loses  its  granular  contents  and  surrounds  the  thread- 
cell  as  a  spherical  or  oval  covering.  The  thread-cells  are 
now  pushed  forward  from  the  deeper  parts  where  they 
originate  towards  the  surface,  where  they  lie  between  the 
large  cells  or  become  even  imbedded  in  their  protoplasm. 
Kleinenberg  is  unable  to  add  any  fact  to  what  is  already 
known  regarding  the  structure  of  the  mature  thread-cell. 

The  structure  of  the  foot  differs  from  that  of  the  rest  of 
the  body  in  the  fact  that  the  interstitial  tissue,  and  con- 
sequently the  thread-eel's  which  originate  in  this  tissue,  are 
entirely  absent  from  it. 

Kleinenberg's  speculations  as  to  the  physiological  signi- 
ficance of  the  large  ectodermal  cells  and  their  fibre-like 
processes  are  full  of  interest.  These  processes  alone 
possess  contractility,  the  cell-bodies  belonging  to  them  being 
entirely  passive  during  the  motions  of  the  animal.  He 
does  not  think  that  we  can  compare  morphologically 
the  tissue  thus  formed  to  the  known  tissues  of  any  other 
animals,   or  that   we   can   recognise   in   it  physiologically 
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only  one  function.  It  appears  to  him  as  the  most  logical 
view  to  regard  this  tissue  of  the  ectoderm  of  Hydra  as  the 
lowest  stage  of  development  of  the  nerve-muscle  system  in 
which  an  anatomical  differentiation  of  the  two  elements,  as 
this  occurs  in  all  the  higher  animals,  has  not  yet  taken  place. 
Every  cell  is  thus  the  bearer  of  a  double  function,  those  parts 
which  constitute  the  long  processes  and  lie  upon  the  inner 
side  of  the  ectoderm  being  contractile  and  performing  the 
function  of  muscles,  while  the  cell-bodies  from  which  these 
proceed,  and  which  stand  in  immediate  relation  to  the 
surrounding  medium,  receive  the  stimulus  and  by  transference 
of  this  upon  the  processes  effect  the  contraction  of  the  latter ; 
in  other  words,  they  operate  as  motor  nerves.  He  proposes, 
therefore,  for  these  cells  the  name  of  "  nervo-muscle  cells." 

If  these  views  be  accepted,  a  step  will  at  once  be  gained 
towards  the  solution  of  one  of  the  most  important 
questions  with  which  modern  physiological  research  has 
occupied  itself,  namely,  the  nature  of  the  motor-nerve  termi- 
nations tliroughout  the  animal  kingdom.  While,  however, 
we  freely  admit  the  care  with  which  our  author  has  worked 
out  the  structure  of  the  parts,  and  the  consistency  of  the  views 
which  he  has  founded  on  such  structure,  we  cannot  regard 
these  views  as  supported  by  reasons  so  strong  as  to  induce  us 
unhesitatingly  to  accept  them.  Kleinenberg  supports  his 
doctrine  on  the  assumption  that  nerve  and  muscle  are  corre- 
lative and  inseparable.  The  fact,  however,  of  our  always 
finding  them  so  associated  in  the  higher  animals  affords  no 
proof  of  such  a  connection  being  necessary  in  the  lower, 
while  the  direct  morphological  continuity  of  nerve  and  muscle 
has  not  been  established  by  any  of  the  repeated  histological 
researches  which  have  been  especially  brought  to  bear  on  the 
elucidation  of  this  very  point.  It  is  almost  certain  that  the 
fibrillse  in  the  hydroid  body  constitute  a  contractile  tissue ; 
but  that  the  superficial  cell-stratum,  from  which  Kleinenberg 
regards  them  as  direct  prolongations,  represents  a  true 
nervous  system,  is  still  nothing  more  than  a  reasonable 
hypothesis. 

The  sketch  now  given  of  Kleinenberg's  researches  into  the 
anatomy  of  Hydra  will  show  that,  while  he  has  confirmed 
many  of  the  statements  of  former  observers,  he  has  shown 
the  incorrectness  of  others,  and  has,  at  the  same  time,  ad- 
vanced our  knowledge  of  the  animal  by  the  discovery  of 
several  new  and  important  points  in  its  structure. 

He  next  takes  up  the  subject  of  development,  and  here  his 
memoir  is  even  richer  in  new  facts  and  deductions  than  that 
part  of  it  which  dealt  with  the  anatomy, 
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With  regard  to  zooidal  development  as  presented  in  the 
well-known  budding  of  Hydra,  we  find  nothing  of  importance 
added  to  the  facts  already  known.  But  in  the  formation  of 
the  sexual  organs  and  in  embryonal  development  we  have  a 
series  of  most  careful  researches,  which  have  elicited  many 
unexpected  facts  and  .thrown  new  light  on  the  entire  subject. 

It  has  been  long  known  that  at  certain  seasons  there  are* 
found  on  the  body  of  Hydra  pustule-like  swellings,  which 
were  regarded  by  the  earlier  observers  as  the  result  of  a 
diseased  condition  of  the  animal.  Ehrenberg  was  the  first  to 
detect  their  true  nature  when  he  showed  them  to  be  sexual 
organs — in  some  cases  containing  spermatozoa,  in  others  ova ; 
in  other  words,  they  are  the  testes  and  the  ovaria  of  the 
Hydra,  and  the  mode  of  formation  of  these  and  of  their 
contents  have  been  carefully  followed  by  Kleinenberg. 

According  to  him  the  formation  of  the  organ  on  which  the 
preparation  of  the  spermatozoa  devolves  commences  by  a 
more  active  growth  of  certain  cells  of  that  part  of  the 
ectoderm  which  has  been  already  described  as  the  "  inter- 
stitial tissue."  This  change  is  limited  to  roundish,  circum- 
scribed spots ;  the  cells  enlarge  considerably,  and  assume  the 
form  of  polyhedral  plates,  their  protoplasm  becomes  clearer, 
and  the  spherical  nucleus  comes  out  distinctly.  Then  they  re- 
peatedly divide  and  pass  into  small,  irregular,  apparently 
amoeboid  cells,  which  become  closely  pressed  together  so  as 
to  form  a  compact  lenticular  body.  This  is  the  testis.  It 
becomes  gradually  elevated  into  a  conical  projection,  with  its 
summit  produced  into  one  or  two  papillae.  In  this  state  it  is 
invested  by  the  other  element  of  the  ectoderm  (nervo-muscular 
tissue),  whose  cells  have  here  become  so  much  atrophied 
that  only  a  thin  protoplasmal  layer  remains  of  them  as  an 
external  covering  of  the  testis. 

In  the  mean  time  the  nuclei  of  the  testis  cells  break  up  into 
numerous  dark  corpuscles,  which  soon  disappear,  and  in  their 
place  sharply-contoured,  strongly  refringent  corpuscles  make 
their  appearance.  The  cells  then  become  converted  into 
little  clear,  spherical  bodies,  and  it  is  out  of  each  of  these 
that  the  spermatozoon  is  developed.  On  some  one  spot  of  the 
surface  of  the  sphere  there  is  formed  a  fine  process  of  proto- 
plasm which  soon  exhibits  active  undulatory  movements. 
The  time  for  the  separation  of  the  mature  spermatozoon 
from  the  mother  cell  has  now  arrived,  the  cilium  is  found 
to  be  in  union  with  one  of  the  bright  corpuscles  in  the 
interior  of  the  cell,  and  by  its  strong  undulations,  the  cor- 
puscle with  its  attached  cilium  is  extricated  as  a  mature 
spermatozoon  from  the  formative  cell,  which  then  becomes 
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dissoWed.  In  this  way  the  whole  of  the  included  tissue  of 
the  testis  becomes  conrerted  into  spermatozoa,  which  are 
oldmatelj  discharged  through  an  opening  in  the  summit. 

The  formation  of  the  ovarium — which  is  usually  asso- 
ciated with  the  testes  in  one  and  the  same  indiridual — is 
next  described.  The  interstitial  tissue  is  here  also  the  basis 
in  which  the  new  structure  originates.  Within  a  zone  which 
embraces  about  half  the  circumference  of  the  body^  the  cells 
of  this  tissue  become  multiplied  and  accumiilated  into  groups 
composed  each  of  a  single  layer  of  cells.  These  celb  now  in- 
crease in  size,  the  groups  come  into  uoiou  with  one  another, 
aod  there  is  thus  formed  between  the  endoderm  and  the 
superficial  cells  of  the  ectoderm  an  elongated  cellular  plate. 
The  cells  which  belong  to  the  middle  of  this  plate  increase 
still  further  in  size ;  in  their  protoplasm  there  appear  nume- 
rous, strongly  refringent  corpuscles,  which  collect  about  the 
nucleus,  while  the  cells  themselves  become  arranged  in 
superposed  series,  which  all  converge  towards  a  common 
central  point,  thus  giving  to  the  organ  a  striated  appearance. 

The  organ  thus  formed  is  the  ovarium.  It  must  be  ad- 
mitted that  in  its  mode  of  formation  it  differs  essentially 
from  the  gonophores  of  the  marine  Hydroida.  These  are,  in 
all  respects,  genuine  buds,  possessing  a  true  zooidal  inde- 
pendence, while  the  spermatozoa-producing  and  ova-produc- 
ing bodies  of  Hydra  can  scarcely  be  regarded  otherwise  than 
as  mere  organs.  Hydra  would  thus  seem  to  offer  an  excep- 
tion to  the  universality  of  the  generalisation  that  the  prepa- 
ration of  the  generative  elements  among  the  Hydroida  devolves 
on  special  zooids.  Kleinenberg  sees  this  difficulty,  and  meets 
it  by  the  ingenuous  supposition  that  in  Hydra  the  sexual 
individual  represents  the  gonophore  of  other  hydroids,  while 
those  hydra-buds  which  reach  maturity  without  developing 
generative  elements  correspond  to  their  non-sexual  or  nutritive 
zooids. 

Another  very  important  point  of  divergence  between  the 
account  given  by  Kleinenberg  of  the  origin  of  the  sexual 
elements  and  that  maintained  by  other  observers  will  be 
found  in  the  seat  of  their  origin  being  here  assigned  to  the 
ectoderm. 

My  own  observations  on  the  origin  of  the  sexual  elements  in 
the  marine  hydroids  are,  on  the  contrary,  quite  in  favour  of 
their  being  products  of  the  endoderm.  In  these  hydroids  their 
first  foundation  shows  itself  as  a  thin,  homogeneous  stratum, 
lying  between  the  endoderm  and  ectoderm  of  the  manubrium 
of  the  gonophore,  and  it  must  be  admitted  that  as  yet  we  have 
no  grounds  for  referring  this  to  the  one  membrane  more  than 
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to  the  other.  From  this  mass  the  ova  or  spermatic  cella 
become  differentiated;  it  increases  rapidly  in  volume,  and  this 
increase  appears  to  take  place  fiom  additions  at  the  side  whicli 
is  in  contact  with  the  endoderm,  thus  leading  to  the  conclu- 
sion that  additions  are  made  to  it  by  continuous  transforma- 
tion of  the  endodermal  tissue.  It  is  at  all  events  certain 
that  the  generative  elements  are  developed  from  it  in  a  cen- 
trifugal direction,  bo  that  the  more  mature  ova  or  spermatozoa 
are  always  found  towards  its  ectodermal  surface,  and  the 
nearer  we  approach  the  endoderm  the  more  immature  does 
the  entire  tissue  appear — a  state  of  things  which  though  not 
absolutely  conclusive  as  to  the  endodermal  origin  of  the  gene- 
rative tissue,  is  most  easily  explained  by  regarding  this  tissue 
as  so  formed. 

Another  fact  in  favour  of  the  same  view  is  the  occurrence 
of  a  delicate  membrane  which,  in  some  cases,  may  be  seen 
lying  upon  the  outside  of  the  mass  of  the  ova  and  separating 
this  from  the  surrounding  ectoderm.  This  membrane  I  believe 
to  be  the  "  muscle  lamella  "  of  Kleinenberg  much  atrophied 
by  the  pressure  of  the  included  mass,  and  thns  reduced  to  an 
extremely  thin  pellicle  without  any  trace  of  fibrillse.  If  so,  it 
is  impossible  that  the  ova  could  have  had  their  origin  in  the 
tissue  of  the  ectoderm. 

A  still  further  argument  in  favour  of  the  endodermal  origin 
of  the  generative  elements  may  be  derived  from  the  very  ex- 
ceptional condition  presented  by  a  few  hydroids,  and  notably 
by  Sertularia  pumila.  In  this  species  ova  are  produced  in  Ihe 
usual  way  within  a  sporosac.  But  besides  occurring  in  the 
sporosac,  they  are  also  found  in  the  walls  of  the  blastoatyle 
or  columnar  zooid  from  which  the  sporosac  springs  as  a  bud. 
These  blastostylic  ova,  though  probably  originating,  as  in 
other  cases,  between  the  endoderm  and  ectoderm,  are  here 
deeply  imbedded  in  the  endoderm  so  deeply  that  they  project 
into  the  cavity  of  the  blastostyle,  from  which  they  are  sepa- 
rated only  by  a  very  thin  layer  of  the  endoderm. 

On  the  whole,  the  evidence,  so  far  as  the  marine  hydroids 
are  concerned,  appears  in  favour  of  the  endodermal  rather 
than  the  ectodermal  origin  of  the  generative  elements.  Klein- 
enberg, however,  is  very  positive  that  in  Hydra  these  elements 
are  derived  from  the  interstitial  cells  of  the  ectoderm.  With 
his  very  careful  observations  and  unexceptionable  manipula- 
tions it  is  scarcely  possible  to  believe  that  he  has  been  led  into 
error,  and  yet  it  would  be  a  curious  anomaly  to  find  that  so 
fundamental  a  difference  in  this  respect  lay  between  the  fresh- 
water hydra  and  its  marine  representatives. 

ThetoTmalioa  of  the  egg  is  next  described,  and  here 
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find  serenl  new  and  impoituit  obserrmdons.  Wb^n  the 
ofmiiim  has  attained  the  derdf^mient  just  described,  a  eell, 
which  nsnallT  lies  abnost  exacthr  in  the  middle  of  the  Of^:an, 
tttrai^  attention  bj  its  rapid  growth.  This  is  the  3roung 
e^.  It  emtinnes  to  increase  in  size  and  assumes  a  flattened 
shape  with  irregularlT-lobed  mai^in.  With  further  growth 
it  becomes  dirided  bj  two  deep  indentations  into  two  lateral 
halves  united  to  one  another  br  a  central  isthmus  in  which 
the  nucleus  (the  germinal  Tedcle  of  the  OTum)  is  imbedded. 
This  nucleus  now  begins  to  increase  c<mstderably  in  size,  and 
SO  also  does  the  sharplT-contoured  nucleolus  which  is  noticed 
within  it.  The  nucleolus,  however,  after  it  has  attained  a 
certain  size,  disi^pears,  and  the  nucleus  now  shows  itself  as  a 
sharply,  double-contoured  Tesicle  filled  with  a  Terr  finely 
granular,  weakly  refiringent  mass. 

The  e^  continues  to  increase  in  width,  and  the  irregular 
lobes  of  its  margin  become  more  strongly  developed.  Its 
shape  in  this  state  with  its  two  large,  flat  lobes  and  their 
connecting  isthmus,  is  compared  by  Kleinenberg  to  that  of  a 
butterfly  with  its  wings  expanded  and  torn  at  their  edges. 
In  the  germinal  Tesicle  there  now  appears  close  under  its 
membrane  a  clear,  circular,  flat  body,  the  germinal  spot. 

In  Hydra  tiridis  chlorophyll  granules  now  become  deve- 
loped in  the  e^,  both  in  its  central  parts  and  in  its  peripheral 
lobes.  As  we  know  chlorophyll  to  be  in  Hydra  a  product  of 
the  endodenn,  the  ectoderm  being  entirely  free  from  it,  wo 
are  called  upon  to  reconcile  this  fact  with  its  appearance  in 
the  e^^y  which,  according  to  Kleinenberg,  is  exclusively  de- 
rived from  the  ectoderm.  Our  author  anticipates  this  objec- 
tion, and  dismisses  it  with  the  remark  that  it  only  shows  that 
the  e^%  long  before  the  occurrence  of  fecundation  has  liberated 
itself  from  the  physiological  tradition  of  the  tissue  in  which 
it  had  its  origin. 

The  maiginal  lobes  and  processes  of  the  egg  now  greatly 
increase  in  size,  extend  farther  from  the  central  protoplasm, 
become  dichotomously  branched, and  form, in  fact,the  principal 
part  of  the  egg.  The  shape  of  the  egg  thus  becomes  remark- 
ably different  from  the  ordinary  one,  and  is  stated  by  Kleinen- 
berg to  be  "exquisitely  amoebiform." 

I  can  fully  confirm  Kleinenberg's  statement  of  the  irrogu- 
larly-lobed  condition  of  the  e^g  in  this  stage,  having,  some 
years  ago,  noticed  it  very  distinctly  in  H.  vulgariSy  but  I  feel 
very  doubtful  as  to  the  propriety  of  designating  this  condition 
as  araoebiform,  a  term  which  may  tend  to  give  an  iucorroct 
impression,  as  the  processes  cannot  be  regarded  in  tho  \\^\K 
of  protrusjble  and  re  tactile  pseudopodia. 
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division  and  the  nature  of  jtrotoplasm  movements,  in  whictf 
the  author  contends  that  the  essential  distinction  between 

proper  contractility  as  prescnleil  by  muscle,  and  the  move- 
ment which  shows  itself  in  evevy  other  form  of  protoplasm, 
consists  in  the  fact  that  muscular  contractility  is  essentially  r 
niption  ill  definite  directions,  consisting  solely  in  a  shortening 
of  the  muscle  simultaneously  with  an  increuse  of  its  trans- 
verse section;  while  in  every  other  form  of  protoplasm — in 
an  amceba,  a  connective- (issue  parlicle,  &c. — every  molecule 
of  its  mass  is  moveable  in  every  direction;  and  since  we  know 
that  the  all-sided  mobility  is  a  property  of  the  indifferent  pro- 
toplasm, wc  must  regard  muscle-substance  as  a  niodilication 
of  this,  in  which  there  has  occurred  a  peculiar  arrangement 
of  the  molecules,  which  excludes  all  movements  but  one. 

The  views  of  botanists  and  animal  physiologists  regard- 
ing the  nature  of  cell- division  are  discassed  at  length; 
and  in  opposition  especially  to  the  hyiiothesis  of  Hof- 
nieister,  who  maintains  that  cell-division  is  iilentical  wilh 
the  formation  of  drops  in  a  liquid,  Kleinenherg  regards 
it  as  having  its  origin  essentially  in  a  destruction  of  the 
uniformity  of  the  protoplasm,  local  differences  in  the 
cohesion  of  the  mass  setting  themselves  up;  in  some  ])laces 
the  molecules  attract  one  another  more  strongly,  while  in 
others  the  uniform  weak  attraction  is"  maintained ;  and  this 
cohesion-difference  will  induce  a  general  or  local  change  of 
position  of  the  molecules  relatively  to  one  another.  If  we 
designate  by  the  name  of  currents  the  continuous  movements 
of  a  mass  of  protoplasm,  which  are  the  resuit  of  cohesion- 
differences,  we  may  distinguish  in  the  Hydra  egg  two  forms 
of  currents:  1,  those  which  show  themselves  in  the  forma- 
tion of  local  and  superficial  pseudopodia;  and  3,  currents 
which  change  the  whole  form  of  the  egg.  lie  thinks  it  very 
probable  that  the  same  forces  which  cause  the  currents  cause 
also  simultaneously  the  division ;  and  be  thus  regards  the 
division  of  the  cell  as  a  protoplasm-current  phenomenon. 

A  very  important  process  in  tlie  development  of  the  Hydra 
germ  next  begins  to  show  itself.  This  is  the  foi-mation  of 
the  external  covering  or  shell  of  the  genu.  In  Hydra  vii-idis 
this  is  first  seen  as  an  exceedingly  thin  structureless  pellicle, 
which  invests  the  free  ends  of  the  prismatic  cells,  which,  as 
WD  have  already  seen,  form  the  surface  of  the  gertn.  This 
pellicle  sends  in  short  processes  between  the  cells,  and 
extends  uninterruptedly  over  the  whole  surface  of  the  germ, 
from  which,  by  maceration  in  acetic  or  very  dilute  chromic 
acid,  it  may  be  separated  as  a  cou'inuous  membrane.  The 
formalion  of  this  first  pellicle  is  imit  of  the  lu'hat  of  s,  seconi,— 
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beneath  it^  then  of  a  thirds  and  so  on^  so  that  at  last  the 
germ,  instead  of  being  surrounded  by  a  layer  of  naked  pris- 
matic cells,  is  surrounded  by  a  thick  laminated  hard  shell  of 
chitine. 

After  the  outer  shell  is  thus  formed  there  is  produced 
between  this  and  the  closely-applied  germ  a  second  covering 
consisting  of  a  colourless,  transparent,  and  very  elastic  pel- 
licle. Of  the  origin  of  this  Kleinenberg  can  say  nothing 
positive,  though  he  thinks  it  probable  that  it  is  caused  by 
the  hardening  of  a  liquid  secreted  between  the  germ  and  the 
first-formed  shell. 

Kleinenberg  has  convinced  himself  that  the  outer  germ- 
shell  of  Hydra  is  not  due  to  the  secretion  and  subsequent 
hardening  of  a  liquid,  but  that  it  consists  in  a  total  meta- 
morphosis of  the  entire  outer  cell-stratum  of  the  germ.  Every 
one  of  its  component  elements  is  thus  a  cell,  which,  as  the 
result  o£  the  conversion  of  its  protoplasm  into  chitine,  loses 
its  vitality,  its  proper  physiological  value,  yet  retains  its 
morphological  equivalence.  The  shell  is  therefore  an  epi- 
dermal formation,  and  in  relation  to  the  entire  germ  is  one 
of  its  tissues. 

The  oiiter  germ  shell  in  Hydra  vulgaris  differs  in  some 
important  points  from  that  of  H,  viridis,  for  instead  of  the 
thick  shell,  with  its  smooth  surface,  which  occurs  in  the  latter, 
it  consists  in  H.  vtdgaris  of  a  thin  chitinous  capsule,  which 
is  set  round  with  a  multitude  of  irregular  spines  mostly  cleft 
at  their  free  extremities.  This  peculiar  form  is  due  to  the 
origination  in  each  of  the  superficial  prismatic  cells  of  a  large 
vacuole  immediately  below  the  free  surface  of  the  cell,  the 
rupture  of  the  cells  over  the  vacuole,  the  fusion  of  several 
vacuoles  into  one,  the  consequent  formation  of  a  sort  of 
labyrinthine  tissue,  and  the  conversion  of  this  into  the 
chitinous  shell. 

It  appears,  then,  established  that  the  first  differentiation 
of  the  germ  of  Hydra  consists  in  the  formation  of  a  peripheral 
cellular  lamina,  the  protoplasm  of  whose  cells  becomes  con- 
verted into  chitine,  and  thus  forms  a  solid  shell.  The  first 
organ  which  is  developed  from  the  germ  is  thus  a  provisional 
embryonic  one,  which  takes  no  part  in  the  formation  of  the 
definitive  body,  and  on  the  liberation  of  the  young  is  simply 
cast  off. 

The  period  of  the  proper  embryonal  development  takes  a 
far  greater  time  for  its  accomplishment  than  has  been  needed 
for  the  processes  just  described.  While  the  whole  of  the 
processes  from  the  first  appearance  of  the  eg^  to  the  com- 
pletion of  the  germ-sheU  are  mostly  completed  on  the  fourth    - 
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With  regard  to  zooidal  development  as  presented  in  the 
well-known  budding  of  Hydra,  we  find  nothing  of  importance 
added  to  the  facts  already  known.  But  in  the  formation  of 
the  sexual  organs  and  in  embryonal  development  we  have  a 
series  of  most  careful  researches,  which  have  elicited  many 
unexpected  facts  and  .thrown  new  light  on  the  entire  subject. 

It  has  been  long  known  that  at  certain  seasons  there  are* 
found  on  the  body  of  Hydra  pustule-like  swellings,  which 
were  regarded  by  the  earlier  observers  as  the  result  of  a 
diseased  condition  of  the  animal.  Ehrenberg  was  the  first  to 
detect  their  true  nature  when  he  showed  them  to  be  sexual 
organs — in  some  cases  containing  spermatozoa,  in  others  ova ; 
in  other  words,  they  are  the  testes  and  the  ovaria  of  the 
Hydra,  and  the  mode  of  formation  of  these  and  of  their 
contents  have  been  carefully  followed  by  Kleinenberg. 

According  to  him  the  formation  of  the  organ  on  which  the 
preparation  of  the  spermatozoa  devolves  commences  by  a 
more  active  growth  of  certain  cells  of  that  part  of  the 
ectoderm  which  has  been  already  described  as  the  "  inter- 
stitial tissue."  This  change  is  limited  to  roundish,  circum- 
scribed spots ;  the  cells  enlarge  considerably,  and  assume  the 
form  of  polyhedral  plates,  their  protoplasm  becomes  clearer, 
and  the  spherical  nucleus  comes  out  distinctly.  Then  they  re- 
peatedly divide  and  pass  into  small,  irregular,  apparently 
amoeboid  cells,  which  become  closely  pressed  together  so  as 
to  form  a  compact  lenticular  body.  This  is  the  testis.  It 
becomes  gradually  elevated  into  a  conical  projection,  with  its 
summit  produced  into  one  or  two  papillae.  In  this  state  it  is 
invested  by  the  other  element  of  the  ectoderm  (nervo-muscular 
tissue),  whose  cells  have  here  become  so  much  atrophied 
that  only  a  thin  protoplasmal  layer  remains  of  them  as  an 
external  covering  of  the  testis. 

In  the  mean  time  the  nuclei  of  the  testis  cells  break  up  into 
numerous  dark  corpuscles,  which  soon  disappear,  and  in  their 
place  sharply-contoured,  strongly  refringent  corpuscles  make 
their  appearance.  The  cells  then  become  converted  into 
little  clear,  spherical  bodies,  and  it  is  out  of  each  of  these 
that  the  spermatozoon  is  developed.  On  some  one  spot  of  the 
surface  of  the  sphere  there  is  formed  a  fine  process  of  proto- 
plasm which  soon  exhibits  active  undulatory  movements. 
The  time  for  the  separation  of  the  mature  spermatozoon 
from  the  mother  cell  has  now  arrived,  the  cilium  is  found 
to  be  in  union  with  one  of  the  bright  corpuscles  in  the 
interior  of  the  cell,  and  by  its  strong  undulations,  the  cor- 
puscle with  its  attached  cilium  is  extricated  as  a  mature 
spermatozoon  from  the  formative  cell,  which  then  becomes 
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dissolved.  In  this  way  the  whole  of  the  included  tissue  of 
the  testis  becomes  converted  into  spermatozoa,  which  are 
ultimately  discharged  through  an  opening  in  the  summit. 

The  formation  of  the  ovarium — which  is  usually  asso- 
ciated with  the  testes  in  one  and  the  same  individual — is 
next  described.  The  interstitial  tissue  is  here  also  the  basis 
in  which  the  new  structure  originates.  Within  a  zone  which 
embraces  about  half  the  circumference  of  the  body,  the  cells 
of  this  tissue  become  multiplied  and  accumulated  into  groups 
composed  each  of  a  single  layer  of  cells.  These  cells  now  in- 
crease in  size,  the  groups  come  into  union  with  one  another, 
and  there  is  thus  formed  between  the  endoderm  and  the 
superficial  cells  of  the  ectoderm  an  elongated  cellular  plate. 
The  cells  which  belong  to  the  middle  of  this  plate  increase 
still  further  in  size ;  in  their  protoplasm  there  appear  nume- 
rous, strongly  refringent  corpuscles,  which  collect  about  the 
nucleus,  while  the  cells  themselves  become  arranged  in 
superposed  series,  which  all  converge  towards  a  common 
central  point,  thus  giving  to  the  organ  a  striated  appearance. 

The  organ  thus  formed  is  the  ovarium.  It  must  be  ad- 
mitted that  in  its  mode  of  formation  it  differs  essentially 
from  the  gonophores  of  the  marine  Hydroida.  These  are,  in 
all  respects,  genuine  buds,  possessing  a  true  zooidal  inde- 
pendence, while  the  spermatozoa-producing  and  ova-produc- 
iug  bodies  of  Hydra  can  scarcely  be  regarded  otherwise  than 
as  mere  organs.  Hydra  would  thus  seem  to  offer  an  excep- 
tion to  the  universality  of  the  generalisation  that  the  prepa- 
ration of  the  generative  elements  among  the  Hydroida  devolves 
on  special  zooids.  Kleinenberg  sees  this  difficulty,  and  meets 
it  by  the  ingenuous  supposition  that  in  Hydra  the  sexual 
individual  represents  the  gonophore  of  other  hydroids,  while 
those  hydra-buds  which  reach  maturity  without  developing 
generative  elements  correspond  to  their  non-sexual  or  nutritive 
zooids. 

Another  very  important  point  of  divergence  between  the 
account  given  by  Kleinenberg  of  the  origin  of  the  sexual 
elements  and  that  maintained  by  other  observers  will  be 
found  in  the  seat  of  their  origin  being  here  assigned  to  the 
ectoderm. 

My  own  observations  on  the  origin  of  the  sexual  elements  in 
the  marine  hydroids  are,  on  the  contrary,  quite  in  favour  of 
their  being  products  of  the  endoderm.  In  these  hydroids  their 
first  foundation  shows  itself  as  a  thin,  homogeneous  stratum, 
lying  between  the  endoderm  and  ectoderm  of  the  manubrium 
of  the  gonophore,  and  it  must  be  admitted  that  as  yet  we  have 
no  grounds  for  referring  this  to  the  one  membrane  more  than 
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to  the  other.  From  this  mass  the  o%'a  or  spermatic  cells 
become  differentiated;  it  increases  rapidly  in  volume,  and  this 
increase  appears  to  take  place  from  additions  at  the  side  which 
is  in  contact  with  the  endoderm,  thus  leading  to  the  conclu- 
sion that  additions  are  made  to  it  by  continuous  transforma- 
tion of  the  endodermal  tissue.  It  ia  at  all  events  certain 
that  the  generative  elements  are  developed  from  it  in  a  cen- 
trifugal direction,  ao  that  the  more  mature  ova  or  spermatozoa 
are  always  found  towards  its  ectodermal  surface,  and  the 
nearer  we  approach  the  endoderm  the  more  immature  does 
the  entire  tissue  appear — a  state  of  things  wliich  though  not 
absolutely  conclusive  as  to  the  endodermal  origin  of  the  gene- 
rative tissue,  is  most  easily  explained  by  regarding  this  tissue 
as  so  formed. 

Another  fact  in  favour  of  the  same  view  is  the  occurrence 
of  a  delicate  membrane  which,  in  some  cases,  may  be  seen 
lying  upon  the  outside  of  the  mass  of  the  ova  and  separating 
this  from  the  surrounding  ectoderm.  This  membrane  I  believe 
to  be  the  "  muscle  lamella  "  of  Kleiuenberg  much  atrophied 
by  the  pressure  of  the  included  masSj  and  thus  reduced  to  an 
extremely  thin  pellicle  without  any  trace  of  fibriUie.  If  so,  it 
is  impossible  that  the  ova  could  have  had  their  origin  in  the 
tissue  of  the  ectoderm. 

A  still  further  argument  in  favour  of  the  endodermal  origin 
of  the  generative  elements  may  be  derived  from  the  very  ex- 
ceptional condition  presented  by  a  few  hydroids,  and  notably 
by  Seriularia  pumila.  In  this  species  ova  are  produced  in  the 
usual  way  within  a  sporosac.  But  besides  occurring  in  the 
sporosac,  they  are  also  found  in  the  walls  of  the  hlastostyle 
or  columnar  zooid  from  which  the  sporosac  springs  as  a  bud. 
These  blastostylic  ova,  though  probably  originating,  as  in 
other  cases,  between  the  endoderm  and  ectoderm,  are  here 
deeply  imbedded  in  the  endoderm  so  deeply  that  they  project 
into  the  cavity  of  the  blastostyle,  from  which  they  are  sepa- 
rated only  by  a  very  thin  layer  of  the  endoderm. 

On  the  whole,  the  evidence,  so  far  as  the  marine  hydroids 
are  concerned,  appears  in  favour  of  the  endodermal  rather 
than  the  ectodermal  origin  of  the  generative  elements.  Klein- 
enberg,  however,  is  very  positive  that  in  Hydra  these  elements 
are  derived  from  the  interstitial  cells  of  the  ectoderm.  With 
his  very  careful  observations  and  unexceptionable  manipula- 
tions it  ia  scarcely  possible  to  believe  that  he  has  been  led  into 
error,  and  yet  it  would  be  a  curious  anomaly  to  find  that  so 
fundamental  a  difference  in  this  respect  lay  between  the  fresh- 
water hydra  and  its  marine  representatives. 

The  formation  of  the  egg  js  next  described,  and  here  a-fi_ 
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find  several  new  and  important  observations.  When  the 
ovarium  has  attained  the  development  just  described >  a  cell^ 
which  usually  lies  almost  exactly  in  the  middle  of  the  organ, 
attracts  attention  by  its  rapid  growth.  This  is  the  young 
egg.  It  continues  to  increase  in  size  and  assumes  a  flattened 
shape  with  irregularly-lobed  margin.  With  further  growth 
it  becomes  divided  by  two  deep  indentations  into  two  lateral 
halves  united  to  one  another  by  a  central  isthmus  in  which 
the  nucleus  (the  germinal  vesicle  of  the  ovum)  is  imbedded. 
This  nucleus  now  begins  to  increase  considerably  in  size,  and 
so  also  does  the  sharply-contoured  nucleolus  which  is  noticed 
within  it.  The  nucleolus,  however,  after  it  has  attained  a 
certain  size,  disappears,  and  the  nucleus  now  shows  itself  as  a 
sharply,  double-contoured  vesicle  filled  with  a  very  finely 
granular,  weakly  refringent  mass. 

The  egg  continues  to  increase  in  width,  and  the  irregular 
lobes  of  its  margin  become  more  strongly  developed.  Its 
shape  in  this  state  with  its  two  large,  flat  lobes  and  their 
connecting  isthmus,  is  compared  by  Kleinenberg  to  that  of  a 
butterfly  with  its  wings  expanded  and  torn  at  their  edges. 
In  the  germinal  vesicle  there  now  appears  close  under  its 
membrane  a  clear,  circular,  flat  body,  the  germinal  spot. 

In  Hydra  viridis  chlorophyll  granules  now  become  deve- 
loped in  the  egg,  both  in  its  central  parts  and  in  its  peripheral 
lobes.  As  we  know  chlorophyll  to  be  in  Hydra  a  product  of 
the  endoderm,  the  ectoderm  being  entirely  free  from  it,  we 
are  called  upon  to  reconcile  this  fact  with  its  appearance  in 
the  eg^y  which,  according  to  Kleinenberg,  is  exclusively  de- 
rived from  the  ectoderm.  Our  author  anticipates  this  objec- 
tion, and  dismisses  it  with  the  remark  that  it  only  shows  that 
the  e^g  long  before  the  occurrence  of  fecundation  has  liberated 
itself  from  the  physiological  tradition  of  the  tissue  in  which 
it  had  its  origin. 

The  marginal  lobes  and  processes  of  the  egg  now  greatly 
increase  in  size,  extend  further  from  the  central  protoplasm, 
become  dichotomously  branched,  and  form,  in  fact,  the  principal 
part  of  the  egg.  The  shape  of  the  e^g  thus  becomes  remark- 
ably different  from  the  ordinary  one,  and  is  stated  by  Kleinen- 
berg to  be  "exquisitely  amoebiform." 

I  can  fully  confirm  Kleinenberg's  statement  of  the  irregu- 
larly-lobed condition  of  the  egg  in  this  stage,  having,  some 
years  ago,  noticed  it  very  distinctly  in  H,  vulgaris,  but  I  feel 
very  doubtful  as  to  the  propriety  of  designating  this  condition 
as  amoebiform,  a  term  which  may  tend  to  give  an  incorrect 
impression,  as  the  processes  cannot  be  regarded  in  the  light 
{>{  protxnsihle  and  retriictile  pseudopodia, 
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divisioii  and  the  nature  of  ])rotoplasm  movements,  in  whic^^ 
the  author  contends  that  the  essential  distinction  between 
proper  contiaclility  as  presenled  by  mnscle,  and  tho  move- 
ment which  shows  iieclf  in  every  other  form  of  protoplasm, 
consists  in  the  fact  that  niuscniar  contractility  is  essentially  a, 
mption  ill  defiuilo  directions,  consisting  solely  in  a  shortening 
of  the  muscle  simultiineously  with  an  increase  of  its  trans- 
verse section ;  while  in  6very  other  form  of  protoplasm — in 
an  amccba,  a  conncctive-lissue  particle,  &c. — every  molecule 
of  its  mass  is  moveable  in  every  direction;  and  since  we  know 
that  the  all-sided  mobility  is  a  property  of  the  indifferent  pro- 
toplasm, we  must  regard  muscle- substance  as  a  modiflcation 
of  this,  in  which  there  has  occurred  a  peculiar  arrangement 
of  the  molecules,  whicli  excludes  all  movements  but  one. 

The  views  of  botanists  and  animal  physiologists  regard- 
ing the  natuie  of  cell-division  are  discussed  at  length; 
and  in  opposition  especially  to  the  hypothesis  of  Hof- 
meister,  who  maintains  that  cell-division  is  identical  with 
the  formation  of  drops  in  a  liquid,  Kleinenberg  regards 
it  as  having  its  origin  essentially  in  a  destruction  of  the 
uniformity  of  the  protoplasm,  local  differences  in  the 
cohesion  of  the  mass  setting  themselves  up;  in  some  places 
the  molecules  attract  one  another  more  strongly,  while  in 
others  the  iniiforra  weak  attraction  is  maintained  ;  and  this 
cohesion -difference  will  induce  a  general  or  local  change  of 
position  of  the  molecules  relatively  to  one  another.  If  we 
designate  by  the  name  of  currents  the  continuous  movements 
of  a  mass  of  protoplasm,  which  are  the  result  of  cohesion- 
differences,  we  may  distinguish  in  the  Hydra  egg  two  forms 
of  currents :  1,  those  which  show  themselves  in  the  forma- 
tion of  local  and  superficial  pseudopodia;  and  2,  currents 
which  change  tho  whole  form  of  the  egg.  lie  thinks  it  very 
probable  that  the  same  forces  which  cause  the  currents  cause 
also  simultaneously  the  division ;  and  he  thus  regards  the 
division  of  the  cell  as  a  protoplasm- current  phenomenon, 

A  very  important  process  in  the  development  of  the  Hydra 
germ  next  begins  to  show  itself.  This  is  the  formation  of 
the  external  covering  or  shell  of  the  germ.  In  Hydra  ciridis 
this  is  first  seen  as  an  exceedingly  thin  structureless  pellicle, 
which  invests  the  free  ends  of  the  prismatic  cells,  which,  as 
we  have  already  seen,  form  the  surface  of  the  germ.  This 
pellicle  sends  in  short  processes  between  the  cells,  and 
extends  uninterruptedly  over  the  whole  surface  of  the  germ, 
from  which,  by  maceration  in  acetic  or  very  dilute  chromic 
may  be  separated  as  a  coii'i'iiions  membrane.  The 
of  this  first  pellicle  is  imitof  the  iii'\vat  of  a,  secomil^ 

\  J 


ANATOMY  AND  BEVELOPMENt  OP  HYDRA.  IS 

beneath  it,  then  of  a  third,  and  so  on,  so  that  at  last  the 
germ,  instead  of  being  surrounded  by  a  layer  of  naked  pris- 
matic cells,  is  surrounded  by  a  thick  laminated  hard  shell  of 
chitine. 

After  the  outer  shell  is  thus  formed  there  is  produced 
between  this  and  the  closely-applied  germ  a  second  covering 
consisting  of  a  colourless,  transparent,  and  very  elastic  pel- 
licle. Of  the  origin  of  this  Kleinenberg  can  say  nothing 
positive,  though  he  thinks  it  probable  that  it  is  caused  by 
the  hardening  of  a  liquid  secreted  between  the  germ  and  the 
first-formed  shell. 

Kleinenberg  has  convinced  himself  that  the  outer  germ- 
shell  of  Hydra  is  not  due  to  the  secretion  and  subsequent 
hardening  of  a  liquid,  but  that  it  consists  in  a  total  meta- 
morphosis of  the  entire  outer  cell-stratum  of  the  germ.  Every 
one  of  its  component  elements  is  thus  a  cell,  which,  as  the 
result  o£  the  conversion  of  its  protoplasm  into  chitine,  loses 
its  vitality,  its  proper  physiological  value,  yet  retains  its 
morphological  equivalence.  The  shell  is  therefore  an  epi- 
dermal formation,  and  in  relation  to  the  entire  germ  is  one 
of  its  tissues. 

The  outer  germ  shell  in  Hydra  vulgaris  differs  in  some 
important  points  from  that  of  H.  viridis,  for  instead  of  the 
thick  shell,  with  its  smooth  surface,  which  occurs  in  the  latter, 
it  consists  in  H.  vulgaris  of  a  thin  chitinous  capsule,  which 
is  set  round  with  a  multitude  of  irregular  spines  mostly  cleft 
at  their  free  extremities.  This  peculiar  form  is  due  to  the 
origination  in  each  of  the  superficial  prismatic  cells  of  a  large 
vacuole  immediately  below  the  free  surface  of  the  cell,  the 
rupture  of  the  cells  over  the  vacuole,  the  fusion  of  several 
vacuoles  into  one,  the  consequent  formation  of  a  sort  of 
labyrinthine  tissue,  and  the  conversion  of  this  into  the 
chitinous  shell. 

It  appears,  then,  established  that  the  first  differentiation 
of  the  germ  of  Hydra  consists  in  the  formation  of  a  peripheral 
cellular  lamina,  the  protoplasm  of  whose  cells  becomes  con- 
verted into  chitine,  and  thus  forms  a  solid  shell.  The  first 
organ  which  is  developed  from  the  germ  is  thus  a  provisional 
embryonic  one,  which  takes  no  part  in  the  formation  of  the 
definitive  body,  and  on  the  liberation  of  the  young  is  simply 
cast  off. 

The  period  of  the  proper  embryonal  development  takes  a 
far  greater  time  for  its  accomplishment  than  has  been  needed 
for  the  processes  just  described.  While  the  whole  of  the 
processes  from  the  first  appearance  of  the  egg  to  the  com- 
pletion o£  the  germ-shell  are  mostly  completed  on  tVi^  fourth 
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day,  from  this  to  the  Hberatiou  of  the  young  animal  embraces 
.1  period  usually  extending  over  six  to  eij;ht  weeks. 

The  first  event  which  occurs  during  this  period  is  a  very 
remarkable  one.  After  the  completion  of  the  shell  the 
boundaries  of  the  cells  composing  the  mass  of  the  geim 
become  indistinct  and  are  finally  effaced,  the  cells  themselves 
have  become  fused  together,  and  the  germ  is  once  more  like 
the  unsegmented  egg,  a  single  continuous  mass  of  protoplasm. 
This  is  filled  with  pseudo-cells,  albumen  granules,  and,  in 
Hydra  viridis,  with  chlorophyll  granules.  So  enormous  a 
histological  retrogradation  might  lead  us  to  suspect  its 
reality,  but  Kleinenberg  has  no  doubt  of  it,  and  he  refers  to 
analogous  cases,  such  as  the  currents  in  the  protoplasm  of 
Myxomycetes,  which  show  that  the  cells  from  which  this 
protoplasm  originates  have  entirely  lost  their  individual  dis- 
tinctness ;  while  even  among  the  higher  animals  he  can 
adduce  the  observations  of  Bischoff  as  to  the  dissojution  of 
the  germ-cells  in  the  guinea-pig  and  the  roe-deer.  As  it  is 
quite  certain,  however,  that  this  phenomenon  does  not  occur 
in  other  hydroids,  it  can  have  no  general  significance  for  the 
development  of  the  order. 

In  the  uniform  protoplasm  mass  thus  produced  there  is 
next  formed  a  small  excentric  cavity.  This  is  the  foundation 
of  the  body  cavity.  Hy  the  solution  of  the  surrounding 
protoplasm  it  increases  in  size  and  becomes  nearly  uniformly 
developed  within  the  germj  it  is  filled  with  a  clear  liquid. 
There  is  thus  formed  a  closed  sac — the  germ-sac. 

It  is  clear  that  the  formation  of  a  body  cavity  by  invagina- 
tion of  the  walls,  with  the  significance  which  Kowalewsky 
has  assigned  to  it  in  other  animals,  does  not  exist  in  Hydra, 
and  just  as  little  will  it  be  found  in  any  other  bydroid. 

In  the  condition  now  described  the  germ-sac  remains  for 
several  weeks.  In  the  meantime  the  outer  germ-shell  loses 
its  firmness,  and  is  finally  hurst  by  the  expansion  of  the 
contained  germ,  which  now  escapes  into  the  surrounding 
water,  covered  only  by  the  transparent,  elastic,  inner  shell. 

A  further  important  change  next  occurs  in  the  germ-sac. 
The  pseudo-cells  which  had  previously  been  distributed 
throughout  the  whole  thickness  of  the  walls  of  the  sac  have 
uniformly  withdrawn  themselves  from  the  surface,  so  that  the 
sac  now  presents  a  clear  superficial  zone.  This  is  the  first 
indication  of  the  splitting  of  the  walls  into  the  two  definitive 
germ -lam  ell  EC.  The  clear  superficial  zone  is  to  become  the  ecto- 
derm, the  darker  zone  which  lies  beneath  is  the  endoderm. 

The  thickness  of  the  clear  outer  zone  gradually  increases, 
i,and  cells  now  become  differentiated  in  it.     These  are  ttf 
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nervo-muscle  cells.  The  interstitial  tissue  subsequently 
shows  itself  between  them  in  the  form  of  irregular  or  fusi- 
form cells.  The  embryo  stretches  itself  out,  and  assumes  an 
ellipsoidal  figure;  its  walls  become  thinned  at  one  end,  where 
a  stellate  cleft  suddenly  makes  its  appearance.  This  is  to 
become  the  mouth.  Simultaneously  with  the  appearance  of 
the  mouth  the  foundation  of  the  tentacles  has  been  laid  in 
the  form  of  tubular  offsets  of  the  body  cavity.  That  layer  of 
the  body  walls  which  is  to  form  the  endoderm  remains  as  a 
stratum  of  continuous  protoplasm  until  after  the  formation  of 
the  mouth,  when  we  find  it  converted  into  a  layer  of  pris- 
matic cells.  The  thin  inner  shell  which  had  continued  to 
invest  the  embryo  after  the  destruction  of  the  outer  one  now 
becomes  softened  and  dissolved,  and  the  young  animal  is  set 
free,  corresponding  in  all  respects  except  in  size  with  the 
adult,  all  the  tissues  having  differentiated  themselves  to  their 
definitive  form,  and  even  the  thread-cells,  though  still  few, 
being  already  ripe  for  emission. 

From  what   we  have  thus   seen   of  the  development  of 
Hydra  it  is   evident   that   this  animal  passes   through   no 
proper  larva  stage.     It  differs  in  this  from  all  other  known 
hydroids.     We  know  that  the  egg  of  every  other  hydroid — 
if  we   except   that    of    the   monopsean   medusae — becomes 
directly  developed  either  like  Sertularia  into  a  planula,  or 
like  Tubularia   into    an   actinula.     A  certain   resemblance 
between  the  young  Hydra  and  the  young  Tubularia  induced 
me  to  include  the  early  free  stage  of  both  under  the  name  of 
actinula.     As  it  appears  now,  however,  that  Hydra  passes 
from  the  condition  in  which  it  first  becomes  free  to  its  adult 
state  by  continuous  growth  without  any  true  metamorphosis, 
1  accept,  so  far,  the  justice  of  Kleinenberg's  criticism,  and 
believe  with  him  that  the  term  actinula  is  not  strictly  appli- 
cable to  it.     It  is  otherwise,  however,  with  regard  to  Tubu- 
laria.    Here  we  have  a  true  metamorphosis,  and  the  young 
is  a  free  larva  which  undergoes  important  transformations 
before  it  becomes  converted  into  the  fixed  adult.     The  term 
actinula  is  thus  a  convenient  designation  for  the  larva  of 
Tubularia  and  of  the  apparently  similar  larva  of  Myriothela, 
and  in  this  sense  I  have  employed  it  in  contradistinction  to 
the  term  planula,  by  which  the  earliest  free  stage  of  other 
hydroids  had  been  already  known. 

I  would  accordingly  distinguish  three  different  modes  in 
the  development  of  the  hydriform  trophosome  : 

1.  The  development  subsequently  to  the  liberation  of  the 
young  animal  takes  place  by  pontinuous  growth  without  any 
iiictamorphosis.     This  mode  exists  in  Hydra  alone. 
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2.  The  development  takes  place  by  a  true  mctamorpliOT^^ 
the  hyciroiJ  passing  through  the  larval  form  of  an  actinula. 
Of  this  Tubularia  affords  an  example. 

3.  The  development  takes  place  by  a  true  Tnelamorphosia, 
the  hydroid  passing  through  the  larval  form  of  a  free  ciliated 
for  non-ciliated)  planula.  Of  this  we  have  an  example  in 
Seitularia. 

A  comparison  of  the  embryonal  development  of  Hydra  with 
that  of  other  hydroids  shows  that  while  in  some  respects 
important  differences  are  apparent,  yet  that  in  all  the  more 
essential  features  there  is  a  complete  agreement,  and  by 
widening  the  comparison  so  as  to  embrace  in  it  what  we  know 
of  the  development  of  the  higher  animals  we  arrive  at  certain 
comprehensive  generalisations  which  include  not  only  the  Hy- 
droida,  hut  even  the  highest  members  of  the  animal  kingdom. 

Huxley  was  the  first  to  point  out  the  equivalence  of  the 
ectoderm  and  endoderm  of  the  Coelenterata  with  the  outer  and 
inner  germ-lamella;  of  the  vertebrate  embryo,  and  this  im- 
portant generalisation  is  fully  confirmed,  not  only  by  the 
development  of  hydra,  hut  by  that  of  all  other  hydroids  whose 
development  has  been  carefully  studied. 

There  are  many  groups  of  the  animal  kingdom  of  whose 
developmental  history  we  as  yet  know  little  or  nothing,  but 
all  which  have  been  studied  with  anything  like  completeness 
— all  at  least  above  the  Protozoa — show  that  the  germinal 
matter  which  results  from  the  spgraentatiou  of  the  ovum 
differentiates  two  concentric  germ-lamellsE  out  of  which  the 
whole  animal  body  is  built  up.  In  animals  above  the 
Coelenterata  there  is  further  formed  between  the  outer  and 
inner  germ-lamelise  a  middle  germ-lamella,  but  whether 
derived  from  the  outer  or  the  inner  remains  an  unsettled 
point.  This  middle  lamella  is  not  formed  in  the  Hydroida 
unless,  as  Kleinenberg  with  considerable  reason  supposes,  it 
be  represented  by  the  fibrillated  layer  or  muscular  lamella, 
and  as  there  can  be  no  doubt  that  this  really  belongs  to  the 
ectoderm,  an  argument  is  afforded  in  favour  of  the  middle 
lamella  being  a  derivation  from  the  outer.  The  muscular 
lamella,  however,  is  not  in  the  Hydroida  an  independent 
layer;  but,  as  Kleinenberg  has  shown,  passes  continuously 
into  the  superficial  cells  of  the  ectoderm.  The  ectoderm 
should  thus  be  regarded  as  the  united  outer  and  middle 
germ-lamellffi  of  the  higher  animals. 

It  should  he  noted  that  the  studj  of  hydroid  development 

E roves  that  the  digestive  cavity  is  here  formed  by  a  simple 
oUowing  out  of  the  interior  of  a  solid  germ,  the   mouth 
^abaequentiy  maiing  its  appearance  by  a  rupture  oL 
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walls  of  the  sac-like  body  thus  formed^  and  not^  as  main- 
tained   by    Kowalewsky    and    Semper,    in    nearly   allied 
animals,  by  an  invagination  of  the  walls. 
Another  question  of  great  importance  in  this  inquiry   is 
I       how  far  the  origin  of  the  various  tissues  and  organs  in  the 
respective   germ  -  lamellae  corresponds  through   the  several 
groups  of  the   animal  kingdom.      We   know   that   in  the 
Yertebrata  there  are  formed  from  the  outer  lamella,  the  great 
nerve  centres  and  organs  of  sense,  and  the  epidermal  struc- 
tures ;  from  the  middle  lamella  the  muscular,  skeletal,  and 
vascular  systems ;  and  from  the  inner  lamella  the  lining  of 
the  digestive   system   and   the  glands   connected    with    it. 
Opinions   vary  as  to   the   original   seat   of  the   generative 
system. 

Now,  accepting  the  view  that  the  ectoderm  of  the  Coelen- 
terata  represents  the  united  outer  and  middle  germ-lamellse 
of  the  higher  animals,  and  accepting  also  the  hypothesis 
that  the  superficial  cells  of  the  ectoderm  in  Hydra  with  their 
processes  represent  a  nervo-muscular  system,  we  shall  find  a 
remarkable  correspoifdence  as  to  the  origin  of  the  specialised 
tissues  between  the  Hydroida  and  the  Yertebrata.  In  the 
Hydroida  the  tissues  are  few,  but  these  few  are  similar  in  their 
origin  from  the  primitive  embryo  layers  to  the  equivalent 
tissues  of  the  higher;  for  the  nervo-muscular  tissue  of  the 
Hydroida  has  its  foundation  in  the  ectoderm,  which  is  equiva- 
lent to  the  united  outer  and  middle  germ-lamella,  while  the 
digestive  surface  is  plainly  formed  by  the  endoderm  or  inner 
germ-lamella.  Here  as  in  the  higher  animals,  the  origin  of 
the  generative  system  is  still  an  open  question,  and  it  is 
probable  that  it  is  not  in  every  case  derived  from  one  and  the 
same  lamella,  for  while  Kleinenberg  is  very  certain  of  having 
traced  it  to  the  ectoderm  in  Hydra,  my  own  researches  are  in 
favour  of  its  endodermal  origin  in  other  Hydroida. 

A  still  further  interesting  point  of  identity  follows  from 
Kleinenberg's  discovery  of  the  origin  of  the  germ  shell  in 
Hydra.  This  chitinous  investment  he  shows  to  be  a  true 
epidermal  structure  formed  by  the  entire  conversion  of  the 
most  superficial  cells  of  the  germ  at  a  very  early  period  in 
the  development ;  and  then  entirely  cast  off  after  remaining 
for  a  time  as  a  transitory  embryonal  organ. 

We  have  thus  exactly,  as  in  the  Yertebrata,  the  most 
superficial  portion  of  the  outer  germ-lamella  developing  an 
epidermis  whose  very  early  appearance  and  transitory  nature 
are  the  only  important  points  in  which  its  history  differs 
from  that  of  the  epidermal  layer  in  the  Yertebrata. 

It  is  true  that  nothing  of  this  kind  can  be  detected  in  the 
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other  Hydroida ;  in  ihese  tlie  supeiGcial  ciliated  cells  of  the 
planula  almost  ceitaiuly  pass  into  a  pennaDent  constituent  of 
the  body  walls,  while  the  chilinous  perisarc  is  not  a  tissue  at 
all.butatnere  hardened  escretion  from  thesurface.  Iregard 
the  periBarc,  notwithstanding  its  persistence,  as  homologous 
with  the  internal  germ  shell  of  Hydra;  indeed  in  some  species 
(e.g.,  Eudetidrtim  ramosuvt)  we  find  it  forming  a  closed  sac 
in  which  the  whole  of  the  young  hydroid  continues  to  be 
included  even  after  the  appearance  of  the  rudimental  tentacles 
exactly  as  seems  to  be  the  case  with  the  inner  germ  shell  of 
Hydra. 

There  is  thus  a  difficulty  in  applying  Kleinenberg's  deduc- 
tions to  the  marine  Hydroida  and  regarding  the  superficial 
cells  of  these  as  the  representative  of  a  nervo-muscular  sys- 
tem, for  we  should  then  be  compelled  to  derive  the  nervo- 
muscular  system  of  these  hydroids  from  that  part  of  the  outer 
germ  lamella  which  in  the  Vertehrata  gives  origin  to  the 
epidermal  structures,  and  thus  reduce  to  a  mere  nun-essential 
resemblance  the  parallelism  which  appears  in  other  respects 
80  well  established  between  vertebrate  and  ccelenterate 
development. 

When  we  bear  in  mind  that  the  embryonic  condition  which 
shows  itself  in  the  presence  and  primary  relations  of  the  germ- 
lamella  becomes  soon  lost  during  the  process  of  development 
of  the  higher  animals,  while  the  outer  arid  inner  germ-la- 
mellte  with  their  rektions  to  one  another  and  to  the  sur- 
rounding world  are  retained  as  ectoderm  and  endoderm  through 
the  life  of  the  Coelenterala  we  at  once  see  wherein  consists 
the  low  position  of  the  Cislcnterata  in  the  animal  kingdom, 
and  can  compare  the  permanent  Cceleuterate  type  with  au 
early  stage  in  the  development  of  the  higher  animals. 

It  will  be  seen  from  the  account  now  given  that  the  re- 
searches of  Kleinenberg  have  resulted  in  some  very  valuable 
additions  to  our  knowledge  of  the  structure  and  life-history 
of  Hydra,  In  some  respects  they  differ  from  those  made  by 
myself  on  the  same  animal;  but  as  my  opportunities  of  inves- 
tigating Hydra  have  been  comparatively  few,  while  such  exa- 
mination as  I  was  enabled  to  make  were  not  aided  by  the 
very  reliable  methods  adopted  by  our  author,  I  am  not  pre- 
pared, at  least  in  the  absence  of  additional  observations  under- 
taken with  the  view  of  verification,  to  defend  them,  and  am 
willing  to  accept,  not  only  those  points  of  the  memoir  which 
agree  with  my  own  conclusions,  but  most  of  those  also  which 
take  a  different  view. 
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On  the  Motion  Accompanying  Assimilation  anrf  Growth 
in  the  FucACKiE.  By  Prof.  P.  Martin  Duncan,  M.B., 
Lend.,  F.R.S.,  &c.     (With  Woodcut.) 

(Read  in  Section  D,  at  the  Meeting  of  the  firitish  Association  at  Bradford, 

1873.) 

How  do  the  dark  olive-coloured  Fucoids  respire?  and 
whence  do  they  obtain  their  recondite  elementary  belongings  ? 
are  questions  which  most  physiological  botanists  have  asked 
themselves  during  their  sea-side  rambles.  Authority  answers 
readily  enough  respecting  the  respiration,  and  will  probably 
insist  that  the  nitrogenous  and  non-nitrogenous  combinations, 
the  iodine,  bromine,  the  potash,  soda,  and  the  phosphates 
are  separated  from  the  sea- water  in  which  they  all  exist  as 
inorganic  substances.  It  is  assumed  that  the  plant  exercises 
a  selective  function,  and  that  the  rushing  wave  yields  up  the 
elements  in  binary  compounds  to  the  superficial  cells.  These 
can  alone  be  the  agents  of  the  nutrition  of  the  plant,  for 
there  is  no  true  root  and  no  special  circulatory  system. 
Washed  by  the  sea,  the  cell- wall  permits  of  an  endosmosis, 
and  a  liquid  enters  which  is  barely  salt,  and  which  contains 
the  well-known  ultimate  principles  of  these  cellular  plants. 
Were  the  colouring  matter  of  the  Fucus  green,  and  were  its 
proximate  compounds  only  combinations  of  C,H,0,  and 
C,H,0,N,  the  effect  of  light  and  life  on  the  carbonic  acid  and 
free  ammonia  in  the  sea  water  would  be  deemed  sufficient  to 
account  for  the  assimilation. 

But  the  colouring  matter  is  peculiar.  The  plants  may  be 
exposed  to  the  glare  of  the  sun,  or  hidden  in  cavities  where 
there  is  ever  a  gloomy  darkness,  with  the  same  result  on  their 
pigment.  The  presence  of  sufficient  ammonia  in  sea-water  to 
account  for  the  weight  of  nitrogenous  matters  in  the  rapidly 
growing  Fuci  is  a  myth,  and  it  is  quite  as  probable  that 
decaying  Fuci  contribute  the  small  percentage  of  salts  of 
iodine  and  bromine  to  the  sea  as  that  they  should  enter  the 
plant  in  solution  in  pure  sea  water. 

The  Fuci  like  the  shore,  and  live  best  where  the  waves  are 
saturated  with  air,  and  doubtless  much  of  the  nitrogen  may 
come  from  this  source.  Is  there  not  another  ?  is  a  question 
which  commends  itself,  and  which  may  be  answered  by  a 
second :  why  should  not  these  plants  without  green  chlo- 
rophyll ^  absorb  organic  matter  in  a  state  of  solution  ?  matter 

1  [Millardet  has  detected  chlorophyll  in  Fucacea,  'Comptes  Rendus/ 
Feb.  22ad,  1869.— Eds.] 
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consisting  of  carbon,  oxygen,  hydrogen,  and  nitrogen,  with 
other  elements, — such  matter  as  is  absorbed  by  animals  and 
■  by  entities  which  have  irritability  and  powers  of  motion,  but 
whose  position  in  the  sub-kingdoms  is  uncertain.  That 
there  is  abundance  of  such  soluble  matter  not  yet  resolved 
into  its  ultimate  elements,  floating  in  the  sea,  no  one  can 
deny,  Wyville  Thomson  found  it  deep  in  the  Atlantic,  and 
every  excreting  marine  animal  and  plant  contributes  some  of 
it.  Evanescent  it  probably  is,  but  ita  amount  must  be 
enormous. 

Whilst  thinking  over  such  heresies  as  these,  some  other  and 
contingent  probabilities  suggested  themselves.  For  instance, 
if  the  dark  coloured  Fuci  absorb  this  organic  solution — animal- 
like— do  any  amosbiform  motions  accompany  the  assimilation  ? 
and  what  is  the  cell-growth  like?  It  is  hopeless  to  manipu- 
late the  superficial  cells  of  Fucus  vesicttlosus  with  a  view  to 
examine  into  their  method  of  growth  and  assimilation  ;  but 
the  so-called  "  conceptacles"  on  the  clavate  ends  of  the 
fronds,  which  contain  both  round  oogonia,  and  a  vast  number 
of  extremely  delicate  finger-shaped  processes  composed  of  a 
succession  of  cells,  yield  admirable  examples. 

Each  hollow  enclosed  by  the  frond,  or  the  coneeptacle,  is 
full  of  oogonia,  and  of  the  dactylose  processes,  bathed  in  a 
glairy  homogeneous  viscid  colourless  fluid.  Growth  pro- 
gresses very  rapidly  in  these  structures,  for  the  cells  are 
extremely  dehcate,  and  it  is  evidently  due  to  the  direct 
assimilation  of  the  mucus-like  fluid  which  bathes  them. 

The  foUovving  observations  were  made  on  a  hot  and  light 
day  in  August,  upon  the  growth  of  the  terminal  cells  of  two 
seta  of  finger-shaped  processes  : 

After  removing  several  conjoined  processes,  and  placing 
them  in  sea  water  mixed  with  the  mucus  upon  a  glass  slide, 
due  precautions  being  taken  to  prevent  pressure  of  the  thin 
glass  cover,  the  relative  position  of  the  tops  of  two  processes 
was  carefully  noticed  and  drawn. 

One  process  (a)  had  a  fine  tapering  cylindrical  terminal 
cell  surmounting  a  proximal  cell  (a').  The  other  process 
(b)  had  a  short  and  stout  terminal  cell,  the  distal  end  of 
which  was  exactly  on  a  level  with  the  base  of  the  terminal 
cell  of  the  other  process,  a. 

Four  prolonged  examinations  of  these  cells  occupied  three 
quarters  of  an  hour,  and  during  that  lime  important  amounts 
of  assimilation  and  growth  occurred. 

At  the  commencement  of  the  observations  the  condition  of 
cells  a  and  a'  (see  woodcut,  fig.  I)  was  as  follows : 

The  terminal  cell  {a)  had  a  homogeneous  thin  and  ven 
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Fig. 
1.  Ttro  cells  of  a  process  in  the  concepUcIe  of  Fuetu  vetieuhtta. 

a.  DisUI  cell. 

a'.    Praiimul  celL 

o".  Appearance  of  distal  oell  after  j-  lioni. 
9.  Two  cells  of  aaotlicrprocesa. 

b.  Distal  oell,  vitn  its  top  on  ■  level  with  the  intercellalar  «all  of 

proceas  1. 
ff.  Appearance  and  position  of  the  distal  cell  after  i  hour. 
^'.  „  „  after  I  hour. 

*"'.  „  „  after  I  hour. 

Tbe  olijec4-gla8s  was  a  good  peaetrating  i-indi. 

transparent  cell-wall,  and  its  contents  were,  1,  a  homogeneous 
protoplasm  less  transparent  than  water ;  and  2,  four  refractile 
circular  granules. 

The  cell-nail  gave  for  the  most  part  the  usual  double  line 
under  the  microscope  ;  but  here  and  there  the  external  line 
was  alone  apparent,  the  inner  being  represented  by  a  curve 
in  one  place  and  by  a  sharp  inward  bend  in  another.  The 
substance  included  between  the  external  straight  line  and  the 
curved  line  was  homogeneous,  but  had  a  different  refractibility 
to  the  rest  of  the  cell  contents. 

In  the  lower  cell  (a')  two  large  incurvings  of  the  cell-wall 
were  noticed,  and  the  wall  between  the  cells  was  single,  and 
presented  two  lines  to  view,  the  ends  of  which,  where  they 
joined  the  outer  cell -walls,  were  slightly  curved. 

The  top  of  the  second  process  {fig.  k,  b)  was  exactly  on  a 
level  with  this  intercellular  partition. 

There  were  no  refractile  granules  in  the  distal  cell  (5)  of 
this  second  process,  and  its  cell-wall  had  a  double  line 
throughout.  The  contents  of  the  cell  were  a  transparent 
honn^eneous  protoplasm,  and  a  portion  of  more  opaque  struc- 
tureless material  quite  at  the  end. 

After  the  lapse  of  a  quarter  of  an  hour  the  distal  cell  just 
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mentioned  had  its  top  slightly  beyond  the  level  of  the  iiiter- 
cellutarwall  of  the  first  process.  The  opaque  spot  had  in- 
creased in  size,  and  there  were  two  places  where  the  outer 
line  of  the  cell-wall  was  in  its  normal  crirve,  whilst  the  inner 
was  sharply  bent  inwards,  so  as  to  encroach  on  the  interior  of 
the  cell  (J)).  Both  were  in  the  immediate  neighbourhood  of 
the  opaque  spot,  the  longest  of  the  two  bounding  it  below. 

In  a  second  quarter  of  an  hour  the  longest  of  the  benda 
had  reached  across  the  cell  in  a  slanting  direction,  and  had 
united  with  the  opposite  wall  {b").  The  anialler  curve  had 
increased  so  as  to  separate  the  lines  of  the  cell-wall  for  some 
distance,  and  the  opacity  had  diminished.  The  top  of  the 
tell  was  further  in  advance  of  the  intercellular  wall  of  the 
first  process. 

In  the  third  qunrler,  and  at  the  expiration  of  three  quarters 
of  an  hour  from  the  beginning  of  the  observations,  the  new 
cell-top  had  grown  far  in  advance,  and  had  become  very 
considerably  rounded  {b"'),  whilst  slight  irregularities  in  the 
direction  of  the  inner  line  of  the  wall  were  noticed  in  it  and 
also  in  the  lower  cell. 

During  this  lapse  of  time  the  first  process  (fig,  1)  had 
grown  in  length,  and  the  distal  cell  {a)  had  altered  con- 
siderably in  its  details.  The  curve  in  the  inner  line  of 
the  cell-wall  had  diminished,  hut  a  large  and  conical  one 
had  reached  the  opposite  cell-wall,  thus  forming  a  dissepi- 
ment and  dividing  the  cell  into  two  (a").  Moreover,  irregu- 
Wities  in  the  contour  of  the  inner  wall  existed  in  the 
opposite  side  to  those  just  noticed;  the  refractile  granules 
were  not  so  numerous,  and  the  whole  cell  had  increased  in 
breadth  as  well  as  in  length.  The  so-called  curves  could  be 
noticed  to  change  their  form  by  a  slow  undulating  move- 
ment, which  was  singularly  suggestive  of  the  method  of 
movement  of  Amceba,  and  it  whs  evident  that  the  motiqn 
extended  beyond  the  curve  amongst  the  more  mobile  included 
protoplasm.  There  was  no  trace  of  gas  bubbles  around  the 
cells,  and  the  elongation,  increase  in  bulk  and  the  molecular 
changes  were  not  attended  by  any  visible  chemical  action. 

The  impression  left  on  the  mind  was  that  the  cell-wall 
was  merely  a  more  solid  condition  of  the  protoplasm  of  the 
cell,  and  that  the  movement  was  determined  by  portions  of 
it  returning  to  their  more  fluid  state,  owing  to  the  transmission 
or  absorption  of  the  surrounding  medium. 

Could  one  of  the  cells  have  been  removed  from  the  contact 
of  the  others,  it  would  have  greatly  resetnbled  a  Frotamceba 
in  movement  within  a  homogeneous  tissue.  Movements 
like    these    are    not    observed    in    most    slgse    which    are 
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nourished  in  water  where  organic  matter  in  solution  does 
not  exist.  It  becomes^  then,  a  matter  of  some  interest  to 
attempt  to  connect  such  movements  and  such  cell-growth 
with  nutrition  by  such  organic  matter  as  would  be  assimilated 
by  low  animal  forms. 


On  Rhabdofleura.    mibabilis   (M.    Sars).      By   Georgb 

OssiAN  Sars.     (With  Plate  I.)* 

In  the  year  1866  I  dredged^  together  with  other  deep-sea 
animals^  from  a  depth  of  120  fathoms  at  Skraaven  in 
Lofoten,  a  small  "  Phytozoon/^  to  which  at  first  I  paid  no 
great  attention,  as  I  took  it  to  be  a  colony  of  Uydroids ;  I 
took,  therefore,  only  a  few  specimens,  and  put  them  in  spirit 
with  some  other  uncertain  forms  of  animal  life  from  the 
same  depth.  After  my  return  home,  however,  on  examining 
more  closely  this  supposed  hydroid  colony,  my  father  found 
immediately  that  we  had  before  us  a  very  peculiar  animal, 
which  quite  certainly  could  not  be  a  Hydroid,  but  seemed 
rather  to  be  related  to  the  Polyzoa ;  although  the  shape  and 
appearance  of  the  single  cells  had  undeniably  a  great  re- 
semblance to  the  former,  especially  to  some  Campanularides. 
As  a  satisfactory  examination  of  the  anifnal  could  not  be 
made  with  the  specimens  brought  home  in  spirit,  my  father 
urged  me,  the  next  time  I  visited  Lofoten  to  examine  the 
animal  in  a  living  state  as  minutely  as  possible,  as  we  should 
without  doubt  obtain  interesting  and  instructive  results. 
This  I  had  an  opportunity  of  doing  in  the  following  year 
1867  ;  and  I  then  examined,  as  carefully  as  possible  with  the 
instruments  at  my  disposal,  the  structure  of  this  fragile  little 
animal,  which  I  found  peculiar  in  the  highest  degree,  and 
dififerent  from  all  that  I  had  previously  known.  My  father 
was  greatly  surprised  on  learning  the  result  of  my  examina- 
tion, and,  looking  over  the  numerous  drawings  which  I  had 
made  from  the  living  animal,  it  was  clear  that  we  had  before 
us  not  only  an  entirely  new  genus  and  family,  but  even  the 
type  of  a  still  higher  division ;  and  we  found  no  small 
difficulty  in  referring  it  to  any  known  animal  type.  But  as 
it  appeared  most  nearly  related  to  the  Polyzoa,  my  father 
classed  it  with  these,  and  noted  it  in  his  catalogue  of  deep- 

'  Reprinted  from  *  The  University  Programme '  for  the  first  half  year, 
1869.    Christiania,  1872. 
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sea  animals,  compiled  lu  1868,  as  Halilophtis  mirabilia  '  (the 
generic  name  taken  from  a  certain  resemblance  of  the 
tentacular  arms  to  the  so-called  lophophore  of  the  fresh- 
water Polyzoa).  The  next  year  appeared  Allman'a  treatise 
on  Rhabdopleura,  a  new  form  of  Polyzoa,  from  deep-sea 
dredging  in  Shetland ;  ^  and  my  father,  as  well  as  myself,  at 
once  recognised  in  the  species  therein  described  and  de- 
lineated,' R.  Nannanni,  a  form  closely  agreeing  with  the 
Halilophus  mirabilis,  but  which  evidently,  from  the  form  and 
attachment  of  the  polyzoarium,  must  belong  to  a  different 
species  from  oura.  Allman's  communications  concerning  the 
organisation  of  the  animal  show  indeed,  as  will  appear  from 
the  sequel,  many  essential  differences  from  what  I  have  had 
occasion  to  observe  in  our  uonhern  form ;  so  that  if  these 
communications  were  in  reality  correct,  there  could  scarcely 
be  any  doubt  that  both  forms  were  also  geuerically  distinct. 
But  the  fact  is  that  Allman  has  only  had  the  opportunity  of 
examining  specimens  preserved  in  spirit ;  and  both  my  father 
and  myself  know  from  experience  how  extremely  difficult  it 
is  to  obtain  results  with  specimens  in  this  state,  and  what 
imperfect  and  false  notions  may  thus  be  formed  of  the 
animal's  real  structure.  Taking  this  into  consideration,  we 
may  really  be  astonished  that  Allman  has  been  able  to  see  so 
much  as  he  actually  has  seen,  and  that  he  has  not  misunder- 
stood the  animal's  organisation  in  a  greater  degree  than 
appears  ^'rom  his  description  and  delineations.  Allman  has 
indeed  seen  in  the  Rhabdopleura  a  very  aberrant  form  of 
Polyzoa,  but  is  far  from  having  apprehended  that  tbe  form  is 
abnormal  in  so  high  a  degree  as  it  has  proved  to  be  according 
to  investigations  which  I  have  executed  with  the  utmost  care 
and  minuteness. 

With  respect  to  the  method  of  examination,  there  is  little 
or  no  use  in  dissecting  so  small  and  fragile  an  object  as  the 
animal  of  the  Rhabdopleura,  even  if  the  finest  imaginable 
instruments  are  employed.  It  is,  therefore,  necessary  to 
study  the  animal  entire,  or  at  most,  after  separating  the 
individual  animals  from  their  cells  or  tubes,  which,  aa  will  be 
seen,  may  he  done  with  the  greatest  ease  in  operating  on  the 
living  colony.  In  order  to  get  a  sharper  and  better  view  of 
certain  parts,  I  have  found  it  very  useful  to  effect  a  gentle 
compression  of  the  animal  between  two  glass  plates,  so  that 
the  pressure  can  be  moderated  at  will.     I  cemented  a  thin 

'  'Foraatb  BemErkniager  om  det  djriske  Livs  Udbredning  i  Uevets 
Djbder,'  p.  12. 

=  '  Quartcrlj  Journal  of  Microscopical  Smonee,'  vol.  ix,  1369,  pp.  B7 — 53, 
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glass  plate  to  the  upper  arm  of  m^compressorium,  by  which 
means  the  desired  result  was  obtained  far  better  than  by  the 
nse  of  the  so-called  ''aquatic  boxes/'  Moreover,  most  of  the 
parts  of  the  hying  animal  may  be  easily  examined  without 
pressure^  and  without  even  taking  the  animal  out  of  its  cell. 
A  colony,  or  part  of  one,  can  be  placed  under  the  micro- 
scope, and  the  most  important  parts  will  plainly  be  seen 
through  the  transparent  walls  of  the  cells,  even  if  the  animal 
has  not  stretched  itself  out  of  the  aperture. 

Besides  the  outer  chitine-like  tube,  with  its  off-shoots  or 
cells  (polyzoarium),  there  may  be  distinguished  in  the  animal 
ander  consideration  the  following  principal  parts  : — 1.  The 
polypide  itself,  which  again  shows  three  principal  parts — (a) 
the  body ;  (£)  the  tentacular  arms ;  and  {c)  the  buccal 
shield;  2.  the  contractile  cord;  and  3.  the  aa^ial  cord,  I 
shall  treat  each  of  these  parts  separately. 

The  polyzoarium  (coenoecium)  in  the  Rhabdopleura  mira- 
bills  (see  PI.  I,  figs.  5  and  6)  has  the  form  of  a  thin,  elastic, 
flexible,  chitine-like,  transparent,  most  frequently  quite 
colourless,  cylindrical  hollow  tube,  consisting  of  a  stem, 
which  creeps  along  the  bottom  of  the  sea,  now  and  then 
attached  to  other  bodies,  irregularly  winding,  and  only 
seldom,  here  and  there,  forked,  which  at  short  intervals  sends 
up  perpendicular,  free,  undivided,  more  or  less  winding 
branches,  of  the  same  form,  calibre,  and  nature  as  the  stem, 
and  all  terminating  with  a  circular  aperture.  A  difference 
between  the  stem  and  the  branches  strikes  the  eye  imme- 
diately; the  stem  is  always  more  or  less  thickly  covered 
with  extraneous  particles  (sand,  mud,  fragments  of  shells, 
Rhizopod-shells,  &c.),  while  the  branches  are  always,  with 
exception  of  the  very  lowest  piece,  quite  free  from  such 
particles,  and  consequently  quite  transparent,  appearing  in 
their  whole  extent  very  distinctly  and  ornamentally  ringed. 
The  rings,  which  are  only  exterior,  form  close,  equidistant, 
sharp,  circular  transverse  folds,  strongly  prominent  over  the 
surface  of  the  tube,  causing  the  edges  everywhere  to  appear 
crenulated  (see  fig.  5).  If  one  can  separate  from  the  stem 
the  very  closely  adhering  extraneous  particles  (which  is 
effected  with  no  small  difficulty),  it  will  be  seen  that 
this  outer  formation  of  folds  is  also  continued  on  the  stem 
itself,  although  far  less  sharply  marked,  and  also  more 
irregular,  the  transverse  folds  being  often  divided  fork-wise, 
or  in  other  words,  not  forming  completely  separate  rings. 
It  will  also  be  remarked  (fig.  6)  that  the  branches  of  free 
tubes  are  not  at  all  sharply  distinguished  from  the  stem,  but 
that  their  interior  cavity  is  prolonged  immediately  into,  or 
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continuously  with,  the  cawty  of  the  stem.  This  latter,  the 
interior  waila  of  which,  like  those  of  the  tubes,  are  quite 
smooth,  is  divided  at  certain  intervals  by  tolerably  thick 
transverse  lameltse,  or  septa,  into  several  successive  cylindrical 
chambers,  which  do  not  communicate  with  each  other,  but 
each  one  of  which  is  continued  immediately  in  one  of  the 
perpendicular  tubes  pi-oceeding  upwards  from  the  stem. 
Through  the  whole  of  the  creeping  stem,  extending  along 
through  all  its  chambers,  runs  a  thin  cylindrical  chitiuons 
cord  (the  axial  cord),  very  remarkable  from  its  dark,  nearly 
black,  colour,  of  which  more  hereafter.  This  cord  is  never 
continued  up  through  the  free  tubes,  but  may  now  and  then, 
rarely,  divide  itself  fork-wise,  namely,  when  the  creeping 
stem  divides  itself  in  this  manner. 

Every  one  of  the  perpendicular  branches  or  tubes  contains 
an  animal,  which  is  connected  by  a  long,  cylindrical,  fleshy 
cord  {the  contractile  cord),  near  the  bottom  of  the  corre- 
sponding chamber  in  the  stem,  with  the  axial  cord,  which 
thus  unites  all  the  individuals  of  the  colony  with  each 
other. 

The  creeping  stem  in  the  R.  mirabilis  may  indeed  attain 
a  very  considerable  length,  but  it  is  very  difficult  to  get  the 
whole  separated  from  the  substances  which  adhere  to  it. 
One  can  usually,  therefore,  only  get  up  small  pieces  of  the 
colony,  and  seldom  more  connected  |K)rtions,  The  largest 
connected  piece  of  stem  which  I  succeeded  in  getting 
loose  from  its  attachment  was  about  40  mm.  long,  and  was 
at  irregular  distauces  four  times  bifurcated  j  another  piece 
was  of  about  the  same  length,  but  only  three  tinTes  divided. 
These  branches,  which  proceed  from  the  stem  at  a  more  or 
less  acute  angle,  are  also  creeping  and  irregularly  bent,  and, 
like  the  main  stem,  produce  cells,  the  number  of  which  in  ail 
on  these  pieces  of  stem  amounts  to  about  fiO,  The  stem  is 
thus  only  seldom  branched,  and  usually  runs  to  great  length 
without  producing  any  branch. 

The  cells  or  tubes,  which  proceed  from  the  stem  by  lateral 
budding,  are  of  very  different  length,  while  their  thickness  is 
everywhere,  and  in  all,  about  the  same.  The  largest  are 
6 — 7  mm.  long  and  -\ — l  mm.  thick.  They  are,  as  stated, 
erect,  yet  seldom,  or  never  perfectly  straight,  but  always 
more  or  less  bent  in  some  part,  or  in  the  whole  of  their 
length,  sometimes  like  an  S,  sometimes  in  several  bends  or 
turns,  like  a  drawn  out  screw,  but  most  frequently  irregularly 
heiit,  in  rare  instances  so  strongly  curved,  that  the  curve  ia 
nearly  circular. 

From  the  above  desei'iption,  it  will  be  seen  that  the  poly* 
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zoariam  in  the  Rhabdopiewra  mirabilU  is  decsidedly  different 
from  that  of  the  Shetland  R.  Normanm.  Firstly,  the 
creeping  stem  of  the  latter,  of  which  one  surface  everywhere 
adheres  to  old  shells  or  other  solid  substances,  is  much  more 
strongly  branched  (^'subaltemately "),  and,  like  the  cells, 
quite  naked,  without  trace  of  attached  extraneous  particles. 
Then  the  cells  themselyes  are  not,  as  in  our  species,  free  in 
their  whole  length,  but  at  the  base  for  some  distance,  like  the 
stem  itself,  fix^  and  creeping,  for  which  reason  also  the  free 
perpendicularly  rising  ringed  part  of  the  same  is  much 
shorter  than  in  the  Rh,  nUrabilis.  Finally,  there  appears 
some  difference  between  the  two  species  with  regard  to  the 
manner  of  the  division  of  the  stem  into  chambers. 

The  polyzoarium  in  the  Rhabdopleura  does  not  coincide 
with  any  other  species  of  Polyzoa.  The  cells  in  their  tubular 
form  resemble  most  of  those  of  the  Cyclostomata,  but  are 
horny  or  chitine-like  (in  the  Cyclostomata  they  are  chalky), 
and  are  distinguished  by  their  surface,  covered  with  promi* 
nent  transverse  folds  or  rings,  which  are  also  foreign  to  the 
Polyzoa,  but  are  found  in  many  Hydrozoa,  such  as  certain 
Tubulariadse  and  Campanulariadse. 

The  individual  animals  or  polypides  seem  at  first  glance  to 
resemble  the  ordinary  Polyzoa  (see  fig.  5).  The  body,  which 
is  only  a  little  over  1  mm.  long,  is  oblong,  and  appears  to  be 
occupied  almost  entirely  by  the  digestive  system ;  on  closer 
examination,  we  find,  however  (see  figs.  1,  2,  and  4),  that 
a  thin  glassy  skin  surrounds  the  digestive  apparatus, 
which  therefore  is  not,  as  in  all  other  Polyzoa,  freely  sus- 
pended in  the  "perigastric  fiuid,^'  which  latter,  as  will 
appear  in  the  sequel,  is  entirely  wanting  in  the  Rhabdo- 
pleura. In  all  other  Polyzoa,  without  exception,  there  is 
besides  the  so-called  ectocyst,  corresponding  with  the  Poly- 
zoarium, also  a  so-called  endocyst,  which  always  represents 
a  thin  membrane,  lining  the  interior  of  the  ectocyst  or  cavity 
of  the  cell,  and,  from  the  aperture,  recurved  and  attached 
round  about  to  the  polypide,  under  the  base  of  the  lopho- 
phore.  The  interior  cavity  of  the  cells  in  the  other  Polyzoa 
is  thus  actually  completely  closed  by  the  endocyst  and  the 
body  of  the  polypide ;  and  the  so-called  perigastric  fluid 
therein  contained,  wherein  the  intestinal  canal  of  the  animal 
is  freely  suspended,  does  not  stand  in  any  direct  connexion 
with  the  surrounding  medium.  The  retraction  of  the  poly- 
pide into  the  cell  is  effected  only  by  a  folding  (invagination) 
of  the  anterior  elastic  part  of  the  endocyst,  by  which  the 
so-called  tentacular  sheath  is  produced.  The  case  is  quite 
different  with  the  Rhabdopleura.     Here  is  no  endocyst  at  all 
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{unless  we  shoiifd  consider  the  glassy  skin  wliich  closely 
surrounds  the  digestive  apparatus  to  be  an  endocyst},  con- 
sequently also  uo  perigastric  fluid;  and,  further,  the  cavity 
of  the  cells  stands  in  direct  communication  with  the 
surrounding  medium,  without  being  closed  at  the  aperture 
by  a  skin  connecting  it  nith  the  animal's  body.  The  retrac- 
tion and  protrusion  of  the  polypide  is,  therefore,  not  etfected 
as  usual  by  in-  and  evagination,  but  in  a  totally  different 
manner,  of  nhich  more  hereafter.  Allman  has  indeed  (!.  o.l 
imagined  that  he  has  perceived  a  trace  of  a  real  endocyst  of 
the  same  nature  as  that  observed  in  the  other  Polyzoa,  but 
he  has  quite  certainly  deceived  himself.  The  polypide  of 
the  Rhabdopleura  lies  quite  free  in  the  cell,  and  is  only 
attached  to  the  colony  by  means  of  the  contractile  cord, 
neither  by  any  endocyst  nor  special  muscles,  as  appears 
clearly  enough  from  the  fact  that  when  the  contractile  cord 
is  severed,  the  polypide  can  be  taken  entire  and  uuiajured 
out  of  its  tube  with  the  greatest  ease. 

From  the  anterior  part  of  the  body  where  the  mouth  is 
situated,  yet,  as  will  appear  in  the  sequel,  not  as  usual  in  a 
terminal  position,  but  rather  in  a  ventral  situation  behind  the 
peculiar  oval  prominence  (the  bucal  shield),  the  gullet  or 
(BKOphagus,  rather  short,  but  wide,  and  furnished  with  thick 
■walls,  proceeds  right  downward  or  backward  to  the  stomach, 
from  which  it  is  separated  by  an  also  outwardly  apparent 
constriction,  and  by  a  sort  of  internal  valve  (the  cardiac 
valve). 

The  stomach  (f);  which  is  simple,  without  any  armament 
of  teeth  or  hard  parts  in  its  interior,  and  furnished  with  tole- 
rably thin  walls,  is  elongated,  rounded  eyliudrically,  slightly 
and  somewhat  irregularly  curved,  with  ventral  concavity,  and 
in  its  anterior  part,  where  it  has  its  greatest  breadth,  only  a 
little  wider  than  the  gullet,  and  occupying  about  two 
thirds  of  the  cell's  calibre.  In  the  anterior  half  it  is  of 
about  uniform  thickness,  but  diminishes  towards  the  pos- 
terior cud  (pylorus)  very  rapidly,  and  goes  imperceptibly 
over,  after  turning  a  little  to  one  side,  into  the  intestine,  sud- 
denly curving  itself  upward  and  forward.  The  interline  (g), 
which  is  not  by  any  constriction,  nor  yet  by  any  interior 
valve  (pylorus- valve),  distinguished  from  the  stomach,  of 
which  it  forms  the  immediate  continuation,  is  narrow,  cylin- 
drical (its  thickness  scarcely  one  tbird  of  that  of  the  stomach 
in  the  widest  part),  only  slightly  tapering  towards  the  end 
(see  fig.  3),  and  has  a  tolerably  straight  course  forward, 
lying  close  to  tlie  dorsal  side  of  the  stomach  and  gullet,  and 
■termiBBtes  with  a  circular  anal  aperture,  situated  just  behind 
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the  spot  from  which  the  tentacalar  arms  proceed.  Immedi- 
ately behind  the  anal  aperture^  between  the  terminal  part  of 
the  intestine  and  the  dorsal  wall  of  the  gullet^  which  here 
forms  a  little  concavity,  there  appeared  a  clear  cellular  body 
(fig.  1,  r)>  in  which  seyeral  evident  nuclei  were  visible.  I 
cannot,  however,  pronounce  any  decided  opinion  as  to  the 
signification  of  this  object ;  it  can  scarcely  be  a  nervous  gan- 
glH)n,  as  it  does  not  lie  in  the  substance  of  the  body  itself, 
bat  only  in  the  thin  external  skin  which  encloses  the  body. 
The  stomach  and  the  intestine  usually  show  in  the  living 
animal  a  bright,  opaque,  yellowish-brown  colour,  which  colour 
seems  mainly  to  be  derived  from  the  contents.  When  the 
stomach  and  intestine  are  more  empty,  they  shew  a  far  paler 
yellowish-white  colour.  The  walls  of  both  show  plainly  a  fiue 
cellular  structure. 

It  IS  evident  that  the  digestive  system  in  the  Rhabdopleura 
differs,  in  many  points  which  have  not  been  remarked  by 
Allman,  firom  the  normal  system  of  the  Polyzoa.  In  the 
latter  the  stomach  usually  consists,  as  is  well  known,  of  two 
distinctly  separate  parts,  one  shorter  cylindrical  cardiac  part, 
and  a  longer  and  wider  pyloric  part,  which  ends  in  a  large, 
rounded,  bottle-shaped  caecum  (cul  de  sac).  Therefore  the 
intestine  usually  takes  its  origin  in  these  high  up,  or  about 
on  a  level  with  the  transition  of  the  cardiac  part  to  the  py- 
loric part ;  while  in  the  Rhabdopleura,  where  no  such  divi- 
sion of  the  stomach  occurs,  the  intestine  proceeds  from  the 
posterior  end  of  the  stomach  or  fundus,  as  the  immediate 
continuation  of  the  same. 

The  tentacular  corona  or  lophophore,  situated  in  the 
Rhabdopleura  on  the  anterior  end  of  the  body,  is  of  a  totally 
different  appearance  from  that  of  the  other  marine  Polyzoa, 
while,  on  the  other  hand,  it  appears  at  first  sight  to  show  an 
unmistakable  resemblance  to  that  of  most  freshwater  Polyzoa 
{P,  Hippocrepia) y  and  is  also  thus  represented  by  Allman. 
However,  when  it  more  closely  examined,  it  displays  many 
essential  differences,  although  by  its  strongly  marked  bilateral 
symmetry,  it  appears  to  be  most  nearly  connected  with  the 
same,  in  respect  of  the  semilunar  or  horse-shoe  form  peculiar 
to  them. 

As  in  the  said  freshwater  Polyzoa,  the  lophophore  or  ten- 
tacular frame  does  not  form  a  circular  ring,  but  is  drawn  out 
into  two  lobes  or  arms,  each  of  which  bears  a  double 
row  of  tentacles.  These  lobes  or  arms  (fig.  5,  &c.,  d),  which 
also  here  proceed  from  the  dorsal  side,  are,  however,  consi- 
derably longer  and  narrower,  or  more  cylindrical  than  in  any 
other  of  the  known  Polyzoa ;  and  while  in  those  freshwater 
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Polyzoa  they  only  form  a  part  of  the  tentacular  corona,  they 
represent  here  the  whole  lophophore,  aa  it  ia  only  ou  these 
arms  that  the  tentacles  have  their  place.  The  teutaclee'  in 
the  Rhabdopleura  do  uot  form,  as  in  the  other  Polyzoa,  a 
continuous  series,  but  are  interrupted,  as  well  dorsally  as 
ventrally,  by  an  evident  interval ;  in  other  words,  we  have 
not  one  single  leniacular  crown,  but  two  symmetrical  tentacular 
arms,  which  take  their  beginning  on  each  side  of  the  anterior 
part  of  the  body,  and  extend  out  from  the  same  dorsally  and 
diverging  to  each  side.  If  we  examine  these  tentacular  arms 
in  the  living  animal,  we  find  that  they  are  also  in  many  re 
spects  different  from  the  lophophore  of  the  Hippocrepia. 
While  the  latter  always  retain  unchanged  their  form  and 
Bomewhat  inclined  direction,  the  tentacular  arms  in  Hhab- 
dopleura  are  in  a  high  degree  flexible  and  variable  in  their 
direction  relatively  to  the  body  of  the  polypide  and  to 
each  other.  As  long  aa  the  polypide  is  withdrawn  into 
the  cell,  they  are  always  extended  straight  forward  and 
nearly  parallel  with  each  other,  forming,  together  with  the 
tentacles  attached  to  them,  a  close  fascicle  extending  in  the 
same  line  with  the  body.  As  soon  as  the  polypide  reaches 
the  aperture  of  the  cell,  they  spread  out  from  each  other,  but 
this  takes  place  in  various  manners.  Sometimes  they  are 
bent  with  the  ends  only  a  little  out  from  each  other,  while 
otherwise  they  are  nearly  parallel  {see  fig.  5) ;  sometimes 
they  spread  themselves  out  so  widely  on  each  side  that 
they  stand  almost  diametrically  opposite;  sometimes  they 
bend  themselves  with  the  ends  downwards  (see  fig.  5} ;  some- 
times— and  this  is  most  usual,  and  always  occurs  when  the 
animal  is  taken  out  of  its  tube — they  are  bent  upwards 
and  backwards,  and  that  often  so  strongly  that  they  describe 
a  nearly  semicircular  curve,  so  that  the  extremities  even 
touch  the  dorsal  side  of  the  pnlypide'a  iiody  (fig.  1),  This 
great  mobility  of  the  tentacular  arms  or  lophophore  (so 
different  from  what  is  observed  in  the  other  Polyzoa),  which 
appears  to  be  produced  at  will  by  the  animal,  sometimes  in 
one  manner  and  sometimes  in  another,  must  certainly, 
although  it  always  takes  place  very  slowly  and  with  little 
energy,  be  brought  about  by  means  of  auxiliary  muscles  or 
muscular  tissue.  I  have,  however,  only  succeeded  in  observ- 
ing very  faint  traces  of  anything  of  the  kind.  When  the 
animal  is  gently  compressed  between  two  glass  plates,  one 
may  observe  on  each  side  some  very  fine  fibres  (figs.  1  and  2, 
p)  passing  obliquely  over  the  gullet,  proceeding  from  the 
ventral  side,  where  the  body  of  the  polypide  forms  on  each 
Bide  a  small  conical  prominence  (ibid.,  o,  o),  which  may  per- 
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Laps  be  considered  as  the  ventral  comers  of  the  lophophore, 
and  losing  themselves  at  the  root  of  the  tentacular  arms. 
They  appear  to  represent  the  retractile  muscles  of  the  tenta« 
cular  arms^  which  produce  their  flexion  ugwards  and  back- 
wards. It  has*  not  been  possible  for  me  to  discover  any  dis- 
tinct trace  of  any  such  thin  membrane  connecting  the  basis 
of  the  tentacles  (the  so-called  calyx)  ^  as  is  found  in  the  fresh- 
water Polyzoa.  As  regards  the  tentacles  themselves,  they 
are^  indeed^  of  the  usual  cylindrical  form  for  Polyzoa^  and  are 
as  usual  furnished  with  cilia^  but  in  the  living  animal  they 
have  a  very  difi^erent  appearance  from  that  of  the  tentacles  in 
the  ordinary  Polyzoa.  While  in  the  latter  they  are  always  in 
the  greater  part  of  their  length  extended  straight,  forming  a 
regular  corona^  which  only  slightly  changes  its  form,  the  end  of 
some  one  or  other  of  the  tentacles  being  only  sometimes  bent 
a  little  in  one  direction  or  another,  the  tentacles  in  the  Rhab- 
dopleura  are  always  bent  and  curved  in  the  most  irregular 
manner  in  all  directions  (figs.  1  and  2),  so  that  there  can 
be  no  question  of  any  regular  tentacular  corona.  The  num- 
ber of  these  tentacles,  which,  as  above  mentioned,  are  at- 
tached in  a  double  row  along  the  anterior  side  of  the  tenta- 
cular arms,  is  somewhat  various  (about  forty  on  each  arm) ; 
they  are  longest  about  in  the  middle,  and  are  in  this  part, 
about  one  third  of  the  length  of  the  arm,  and  diminish  some- 
what towards  the  base,  but  more  towards  the  extremity, 
where  they  are  often  quite  rudimentary.  The  tentacular 
arms  themselves,  each  of  which,  at  the  base  on  the  dorsal 
side,  is  furnished  with  a  little  fascicle  of  unusually  long  cilia 
attached  to  a  small  tubercular  prominence  (figs.  1  and  3,  n), 
are  of  very  considerable  length — quite  as  long  as  the  whole 
of  the  rest  of  the  body— of  narrow  cylindrical  form,  thickest 
at  the  bas0,  and  tapering  regularly  to  the  end,  which  is  ob- 
tusely pointed.  Anteriorly  they  are  separated  (see  fig.  4) 
by  a  naked,  somewhat  concave  part  (extending  a  little  down- 
wards), here  contiguous  to  the  basis  of  the  remarkable  oval 
shield  (c),  which,  both  by  its  enormous  development  and 
peculiar  function,  below  described,  forms  one  of  the  most 
peculiar  features  of  the  Rhabdopleura. 

Between  the  bases  of  the  tentacular  arms,  and  from 
a  somewhat  ventral  point,  proceeds  in  an  anterior  direc- 
tion a  large  and  very  remarkable  prominence,  situated 
longitudinally,  which  has  the  form  of  an  oblong  thick  disc 
or  shield,  one  surface  of  which  (the  dorsal  surface)  is  in  the 
middle  grown  together  with  the  anterior  end  of  the  body, 
while  the  ventral  surface  is  free  and  bordered  by  a  rather 
thicker  raised  ridge,  distinct  from  the  adjacent  parts.     The 


forta  of  this  disc  is,  as  abore  mentioned,  oval,  or  rather, 
rounded  pentagonal  (see  fig.  2,  c),  nearly  half  as  long  again 
as  wide,  the  width  about  equal  to  that  of  the  body  at  the  be- 
ginning of  the  stomach.  Its  posterior  border,  which  at 
once  showa  itself  separated  by  a  deep  constriction  from 
the  part  of  the  body  lying  behind  it,  is  in  the  middle  slightly 
incurved  (fig.  3) .  The  side  borders  are,  a  little  in  front  of 
the  middle,  strongly,  almost  angularly  bent,  and  then  con- 
I  verge  strongly  towards  the  anterior  freely  projecting  extre- 

mity, nhich  is  narrowed  obtusely.  The  whole  disc  ia  every- 
I  where,  and  especially  distinctly  on  the  edges,  thickly  covered 
with  small  vibratory  cilia.  Allman,  who  also  mentions  this 
prominence,  but  without  having  gained  a  correct  notion  of 
its  form  and  connexion  with  the  other  parts,  says  of  it  that 
one  might  take  it  for  a  large  and  peculiarly  developed  epi- 
stome,  if  its  position  ou  the  ventral  side  of  the  mouth,  and 
not,  as  ill  the  freshwater  Polyzoa,  between  the  mouth  and 
the  anus,  did  not  oppose  such  a  supposition.  Allman  sup- 
poses, thus,  that  the  month  in  the  Rhabdopleiira,  in  analogy 
with  the  other  Polyzoa,  is  terminal,  and  situated  above  or  on 
the  dorsal  side  of  this  prominence,  between  it  and  the  anus. 
'  Such  is,  however,  not  the  case.  The  anterior  extremity  of 
the  body  above  the  prominence  described  is  completely  closed, 
without  any  trace  of  aperture  {see  fig.  4).  Ou  the  other 
hand  I  have,  by  gently  compretising  the  animal,  been  able 
distinctly  to  see  (see  fig.  1)  that  the  buccal  aperture  (q)  is 
situated  just  on  the  veutral  orhsemal  side  behind  that  promi- 
nence, and  seems  to  have  the  form  of  a  cross  slit,  which  is 
bordered  behind  by  an  oval  lobe  (m),  furnished  with  vibratory 
cilia  like  a  sort  of  underlip.  By  increased  pressure  the 
buccal  siiield  could  be  moved  more  out  from  the  base  of  the 
tentacular  arms,  and  it  appeared  then  everywhere  very  dis- 
I  tinctly  constricted  from  the  rest  of  the  body,  and  in  the  middle 

of  the  dorsal  surface  fixed  to  the  body  by  a  sort  of  short  stalk, 
while  the  upper  and  the  lower  parts  were  free.  Further,  it 
was  observed  that  on  each  side  of  the  buccal  shield  there  ex- 

I  tended,  from  the  base  gf  the  tentacular  arms  downwards,  a 
strongly  projecting  nearly  semilunar  border  of  thin  skin  (1), 
ciliated  on  its  edges,  so  that  between  this  and  the  buccal 
shield  there  is  formed  on  each  aide  a  narrow  half-tube  or 
channel  leading  to  the  buccal  aperture,  and  through  which 
the  nourishment  is  probably  conveyed  to  the  mouth  by  the 
abundantly  ciliated  tentacles.  Since,  as  above  stated,  the 
said  buccal  shield  is  really  situated  between  the  mouth  and 
the  anus,  I  think  we  may  consider  it  as  morphologically 
^  answering   to   the  ao-caUed  epistome   lu   the  fresh   water 
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Polyzoa.     Its  enormous  development  in  the  present  instance 
seems,  however,  to  indicate  that  it  must  have  a  very  peculiar 
and  important  function  in  the  economy  of  this  animal.     My 
observations  on  the  living  animal  have  also  guided  me  to  a 
decided  opinion,  to  which,  however  strange  it  may  appear,  I 
have  been  forced  again  and  again  to  return,  and  which  I 
therefore   must  retain,  namely,  that   the  animal  uses  this 
buccal  shield  (according  to  my  observations)   as  a  sort  of 
creeping  orgaUy  by  means  of  which  it  can  draw  itself  up  to  the 
aperture  of  its  tube.      Since,  as  above  stated,  both  endocyst 
and  all  muscles  of  protrusion  are  wanting,  it  is  in  reality 
quite  inexplicable  how  the  polypide,  which  is  often  found 
drawn  back,  not  only  to  the  bottom  of  the  free  cell,  but  even 
partially  into  the  corresponding  chamber  of  the  creeping 
stem  (see  fig.  6),  should  be  able  in  any  other  manner  to  get 
forward  again  so  fEu*  as  to  the  aperture  of  the  cell.      It 
might,  perhaps,  be  supposed  that  this  could  be  effected  by 
means  of  the  elasticity  of  the  contractile  cord ;  but  I  have 
convinced   myself  that   such   is   not   the   case,   by  cutting 
through  the  contractile  cord  at  its  base ;    the  polypide  has 
continued  undisturbed  its  slow  protrusiou,  and  has  also  at 
length  really  reached  the  opening  of  the  cell  without  any 
remarkable  change.     The  direct  observations  made  ou  the 
uiynjured  animal  have  also  confirmed  rac  in  the  view  ex- 
pressed  above.     It  will  be  seen  that  during  the  slow  pro- 
trusion   of    the    polypide    (which   often    lasts    for    hours) 
the  buccal  shield  is  always  in  immediate  contact  with  the 
wall  of  the  tube,  the  whole  of  its  ventral  side  being  closely 
pressed  up  against  the  same;  it  retains  this  position  un- 
changed as  long  as  the  protrusion  lasts ;  and  the  protrusiou 
does  not  stop  until  the  whole  length  of  the  buccal  shield  is 
extended  outside  of  the  aperture  of  the  cell ;  then  the  Poly- 
pide is  completely  expanded.     On  examining  more  closely 
this    buccal   shield   we   observe   in   the    middle    of    it    an 
opaque  part,  which  seems  to  contain  an  interior  glandular 
organ.     Continuing  the  investigation,  and  slightly  pressing 
the  animal,  we  notice,  however    (fig.   2),  that  this  opaque 
appearance  is  not  produced  by  any  such  internal  organ,  but 
by   a   peculiar   and   seemingly   muscular   structure   of  the 
substance  of  the  shield  itself.     It  exhibits,  seen  from  below, 
in  the  middle  numerous  small  bubbles,  situated  rather  far 
from  each  other,  or  somewhat  irregularly  formed  small  cells, 
which,  however,  when  more  closely  examined  (and  this  is 
particularly  evident  in  those  which  lie  nearer  to  the  periphery 
of  the  disc),  show  themselves  to  be  the  external  rounded  ex- 
tremities   of    small,   inwardly   prolonged   cylinders,   which 
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together  appear  to  form  a  thick  fascicle  of  incompletely 
differenced  muscular  fibres,  penetrating  into  the  stalk  of  the 
buccal  shield. 

The  animal  is,  with  the  aforesaid  exception  of  the  stomach 
and  the  intestine,  which  are  opaque  yellow,  colourless  and 
transparent.  The  tentacular  arras,  and  the  tentacles,  as  also 
the  anterior  part  of  the  body  before  the  stomach,  are 
covered  with  numerous  very  small,  irregularly  shaped,  in- 
tensely dark  violet  spots  of  colouring  matter,  which  also 
occur  on  the  buccal  shield,  and  especially  on  its  anterior 
freely  projecting  extremity,  where  they  are  very  close 
together,  forming  a  large,  roundish,  dark  spot.  In  speci- 
mens in  spirits  all  these  parts  are  dark  reddish  brown,  which 
probably  arises  from  the  diffusion  of  the  dark  colouring 
matter  produced  by  the  spirit. 

As  above  stated,  the  polypide  is  without  any  sort  of 
attachment  to  the  cell,  in  which  il  lies  quite  free.  But  it  is 
attached  by  means  of  a  long  and  thin  ileshy  cord  to  the  axial 
cord,  which  runs  through  the  creeping  part  of  the  Polyzoa- 
rium  or  stem.  The  attachment  does  not  take  place  imme- 
diately at  the  bottom  of  the  free  cell,  but  at  the  bottom  of 
the  corresponding  chamber  of  the  creeping  stem,  close 
to  the  tranHversal  septum  which  divides  the  chamber 
from  the  next  preceding.  This  cord,  issuing  from  the 
body  of  the  polypide  (figs.  5,  6,  fee,  h),  is  of  very  con- 
siderable length ;  as,  when  the  polypide  is  expanded,  it 
extends  not  only  through  the  whole  length  of  the  cell,  but 
also  through  the  corresponding  chamber  of  the  stem.  The 
cord  is,  however,  very  thin,  filiform,  when  fully  extended 
five  or  six  times  less  than  the  calibre  of  the  cell,  and  four 
times  thinner  than  the  stomach.  It  is  of  cylindrical  form, 
and  lies  quite  free,  without  being  attached  at  any  point  to 
the  wall  of  the  cell ;  but  it  is  nearer  to  the  one  side  (the 
ventral)  than  to  the  other.  Along  all  one  (the  dorsal)  side 
it  is  covered  with  the  same  sort  of  small,  dark  violet  spots  of 
colouring  matter  as  the  anterior  part  of  the  body,  the 
tentacular  arms,  &c.,  but  is  otherwise  quite  colourless  and 
transparent,  and  is  of  a  soft  fleshy  consistency.  It  shows 
on  closer  inspection,  in  a  part  of  its  substance,  an  ex- 
tremely fine  fibrous  structure  of  fine  parallel,  longitudinal 
lines  and  less  sharply  marked  transverse  lines;  but  in  the 
dorsal  part  these  fibres  are  entirely  wanting,  and  the  struc- 
ture of  this  part  seems  to  be  cellular,  and  its  edge  appears 
somewhat  irregularly  wavy.  With  regard  to  its  attachment 
to  the  polypide,  tliis  does  not  take  place  at  the  bottom  of 
tbc  stomachj  but  rather  high  up  on  the  ventral  side,  where  it 
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seems  to  go  over  into  the  thin  skin  which  encloses  the 
digestive  apparatus.  Its  ventyal  fibrous  part  may  still  be 
traced  (see  fig.  1)  to  a  considerable  distance  forward,  in  the 
form  of  a  rather  wide,  clear  skin  border,  which  gradually 
disappears  in  front  of  the  cardia.  In  this  skin  border  the 
fine  longitudinal  fibres  may  still  be  distinctly  observed 
diverging  like  radii ;  but  I  was  not  able  to  trace  their  course 
farther.  The  posterior  end,  which,  as  beforesaid,  is  attached 
to  the  axial  cord  at  the  bottom  of  the  chamber  in  the 
stem  which  corresponds  to  the  cell,  is  somewhat  enlarged ; 
and  all  through  of  a  very  distinctly  marked  cellular  structure, 
without  any  evident  fibre.  In  spirit  specimens  the  con- 
tractile cord  shows  itself  often  irregularly  thickened  in 
particular  places,  and  is  also  thus  represented  in  Allman's 
figures ;  but  this  appears  to  be  only  a  result  of  the  action  of 
the  spirit.  In  living  exemplars  I  have  always  found  it, 
whether  fully  extended  or  contracted,  of  a  cylindrical  form. 
When  the  polypide,  as  is  frequently  the  case,  is  very  strongly 
retracted,  not  only  to  the  bottom  of  the  free  cell,  but  also 
partly  in  the  corresponding  chamber  of  the  stem,  the  con- 
tractile cord  is  always  spirally  convolved,  so  that  the  coils 
are  closer  or  looser,  accordingly  as  the  retraction  is  stronger 
or  weaker  (see  fig.  6).  Also  when,  after  severing  the  con- 
tractile cord  at  its  base,  we  take  the  animal  out  of  its  cell, 
the  cord  always  convolves  itself  in  spiral  coils. 

Allman  has  considered  this  contractile  cord  as  correspond- 
ing with  the  so-called  funiculus  in  the  ordinary  Polyzoa, 
although  it  is  not,  as  in  these,  attached  to  the  end  of  the 
stomach  (the  terminal  caecum),  but  on  the  ventral  side  of  the 
polypide^s  body  (Allman  has  represented  it  erroneously 
as  attached  near  the  end,  on  the  dorsal  side).  Moreover, 
Allman  indicates  that  this  funiculus  is  accompanied  by  a 
long  fascicle  of  muscular  fibres,  attached  to  the  chitinous 
cord  (axial  cord)  at  the  point  where  the  funiculus  is  joined 
to  the  same;  and  that  at  the  point  where  the  funiculus  is 
joined  to  the  animal^s  body,  this  muscular  fascicle  divides 
itself  in  two  bands,  of  which  one  goes  along  the  right  side, 
and  the  other  along  the  left  side  of  the  body,  finally  attach- 
ing themselves,  each  on  its  own  side,  to  the  pharynx  below 
the  lophophore.  These  fibres  form,  according  to  Allman, 
the  great  retractor  muscles  of  the  polypide.  This  representa- 
tion, which  in  fact  only  depends  on  spirit  specimens,  does 
not,  as  may  be  seen,  agree  with  what  I  have  had  occasion  to 
observe  in  our  northern  species,  in  which  the  fascicle  of 
muscles  (if  one  really  may  venture  to  use  this  appellation 
here)  is  everywhere,  as  an  integral  part,  intimately  con- 
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nected  with  tbe  contractile  cord,  and  is  produced  only  by  a 
peculiar  modification  of  its  tissue  on  the  ventral  side.  Special 
retractor  musciea  cannot,  thcreforcj  any  more  than  other 
muscles,  be  said  to  be  distinguished  in  the  Rhabdopleura. 

Through  all  the  creeping  stem  there  extends,  as  already 
mentioned,  a  filiform  cord,  very  remarkable  hy  its  dark, 
nearly  black  colour,  and,  unlike  the  contractile  cord,  to 
which  it  is  about  equalMn  thickness,  only  slightly  flexible, 
and  of  a  very  hard,  chitine-like  consistency.  This  cord  (figs. 
5,  6,  &c.,  i),  which  we  will  call  the  axial  cord  ("chitinous 
rod,"  AUman),  is  freely  extended  iu  the  hollow  of  the  indi- 
vidual chambers  into  which  the  stem  is  divided,  and  only 
attached  to  the  septa,  which  it  perforates,  enlarging  itself  a 
little.  In  conformity  with  the  rarely  branched  form  of  the 
stem,  it  is  only  now  and  then  forked,  and  when  this  takes 
place,  it  is  always  at  one  of  the  septa.  Otherwise,  it  forms 
everywhere  a  cylindrical  tube  with  very  strong,  almost  horny, 
walls,  but  always  enclosing  in  its  interior  asoft,  cellular  cord  (s), 
of  similar  appearance  to  the  contractile  cord,  and,  like  it,  colour- 
less and  transparent,  with  small  dark  violet  spots  of  colouring 
matter,  but  scarcely  half  so  thick.  This  fine  cellular  marrow, 
which  extends  through  the  whole  length  of  the  axial  cord, 
seems  entitled  to  be  considered  as  a  sort  of  incompletely 
dehned  nervous  trunk,  connecting  all  the  individuals  of  tbe 
colony,  as  at  each  partition  in  the  stem  it  sends  forth  a 
branch,  which  enters  into  the  contractile  cord  of  each  re- 
spective individual  animal;  and  the  latter  cord  does  also 
probably  contain  in  its  dorsal  part  the  imperfectly  developed 
elements  of  nerves.  We  may,  therefore,  herein  observe  the 
analogue  of  the  so-called  colonial  nervous  system  (so  strongly 
developed  in  the  other  marine  Polyzoa),  and  specially  in  the 
marrow  of  the  axial  cord,  the  common  main  trunk  of  the 
whole  colony. 

Allman,  who  has  drawn  special  attention  to  this  peculiar 
chitinous  asial  cord  (which  does  not  exist  in  any  of  the 
known  Polyzoa),  and  has  precisely  derived  from  it  his  generic 
appellation,  cdls  it  a  ^'blastophore,"  being  of  opinion  that 
it  is  destined  to  bear  tbe  so-called  statoblasts,  which  he 
represents  as  projecting  from  tbe  posterior  part  of  the  con- 
tractile cord.  I  regret  that  I  cannot,  from  my  own  ex- 
perience, give  any  decided  opinion  as  to  the  axial  cord  having 
likewise  this  destiuation,  because  I  have  not  been  able  to 
observe  tbe  formation  of  these  so-called  statoblasts. 

The  animal,  unlike  the  other  Polyzoa,  is  very  slightly 
sensitive,  and  is  not  much  affected  by  having  its  tentacles  or 
bod/  touched.     If  tbe  irritation  is  strong,  it  draws  itselfj 
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but  only  very  slowly,  and  usually  only  a  little  way,  back  into 
its  tube.  This  very  slow  and  sluggish  retraction,  which  may 
last  a  very  long  time  before  it  ceases,  contrasts  strongly 
with  the  extraordinary,  almost  lightning-like,  rapidity  with 
which  the  retraction  takes  place  in  the  other  Polyzoa,  and  is 
evidently  accounted  for  by  the  want  of  special  retractor 
muscles,  and  by  the  slightly  developed  contractile  elements, 
not  distinguishable  as  evident  muscular  fibres,  in  the  con- 
tractile cord,  the  only  instrument  by  which  the  retraction  of 
the  animal  in  the  Rhabdopleura  is  effected. 

The  extension  (protrusion)  of  the  animal  is  yet  far  more 
tardy  than  the  retraction ;  the  process  is  extremely  slow  and 
almost  imperceptible ;  several  hours  may  often  elapse  before 
the  animal  progresses  from  the  stem  or  bottom  of  the  cell  to 
the  aperture  of  the  latter.  Neither  do  we,  as  before  re- 
marked, find  in  the  animal  under  consideration  the  slightest 
trace  of  any  special  muscles  for  such  progression,  since  the 
endocyst,  and  also  the  parietal  and  parieto-vaginal  muscles 
connected  with  it,  are  entirely  wanting.  The  protrusion 
seems,  on  the  other  hand,  as  already  mentioned,  to  take  place 
in  a  veiy  peculiar,  and  in  the  hiihest  degree  remarkable, 
manner,  that  is,  solely  by  means  of  the  enormously  developed 
epistome  (buccal  shield)  which  the  animal  uses,  strange  as 
this  may  sound,  as  a  sort  of  creeping  organ,  like  the  foot,  or 
creeping  disc  of  the  Gasteropods,  to  draw  itself  upwards, 
little  by  little,  along  the  wall  of  the  cell  to  the  aperture. 

The  Rhabdopleura  mirabilis  seems  to  be  a  genuine  deep- 
sea  product,  which  I  have  never  found  at  a  less  depth  than 
100  fathoms ;  but  it  is  probably  to  be  found  extensively  at 
greater  depths,  where  it  appears  to  be  more  and  more 
plentiful.  I  have  hitherto  only  found  it  in  Lofoten,  where 
it  is  not  uncommon,  in  soft  clay  bottom,  at  depths  of  100  to 
300  fathoms.  As  the  polyzoarium  is  both  very  small  and 
entirely  colourless,  it  is  rather  diflScult  to  discover.  Its 
presence  is,  however,  easily  detected  by  stirring  the  washed 
mud  in  a  fine  sieve  with  a  feather  or  other  instrument,  when 
irregular  fibres  will  be  noticed  therein.  These  fibres, 
covered  with  particles  of  mud,  Rhizopod-shells,  and  frag- 
ments of  mussel  shells,  will  prove  to  be  the  creeping  stem, 
whereon,  by  closer  investigation,  there  will  be  discovered  the 
small,  transparent,  perpendicularly  projecting  cells.  One 
seldom,  however,  succeeds  in  raising  these  colonies  entire ; 
they  are  most  frequently  broken  into  several  pieces  by  the 
dredging  operation  itself,  or  in  washing  out  the  mud. 

We  may,  according  to  the  preceding  description,  charac* 
terise  the  Grenas  Rhabdopleura  in  the  following  manner ; 
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Gen,   BhabdopleukAj  AUman. 

Polyzoarium  tubum  formans  tenuem,  flexibileiHj  cjlindri- 
cum,  chitinosum  hyalimim  es  atirpe  compoaitura  repente 
intOB  septis  transrersis  ia  cameras  plures  discretas  divisa 
quarum  utraque  in  cellulam  cylindricam  plus  minuave  libe- 
ram  efc  erectam  stirpe  vix  angustiorem  subtiliter  annulatam 
vel  plicis  acutia  circularibua  dense  omatam,  orificio  simplicc 
circulari  terminatam  esit.  Stirps  in  tota  lougitudiue  c/iorrfn 
chitinosa,  obscura,  tenui,  cyliudrica,  rigida,  pulpa  vero  moUi 
cellulosa  impleta  trajecta. 

Polypides  nullo  endocyato  vcl  pallio"  parietibus  cellnlarum 
coiinesi,  aed  modo  funiculo  contractili  tenui  et  eanioao  chordaa 
stirpia  cliitinoate  affisi,  corpore  forma  elongato-ovata,  extre- 
mitate  anteriore  paulo  dilatata  et  in  ramoa  divisa  duos  cylin- 
driooa  ct  attenuates  supra  Tergentes  et  a  se  divergentes, 
quibua  series  duplex  tentaculorum  flexuoaorum  aSisa  est. 
Seriea  tentaculorum  miuime  continua  sed  ct  supra  et  infra 
iutervallo  distincto  iiiterrupta,  quare  nulla  adest  corona  tenta- 
culorum vel  lopbopborus  proprie  dictu  sed  raodo  duo  rami 
tentaculiferi  valde  Jlexibles.  Inter  bases  horum  ramonim 
inferne  adest  prominentia  magna  carnosa  scutiformia  ovalis 
vel  subpentagonalis  pedicello  brevi  ct  crasao  affixa  facie  in- 
feriore  subplana  extrcmitate  antica  libere  prominente  at- 
tenuate-tru  neat  a,  iuferiore  corpori  incumbente  medio  leviter 
emarginato  superiicie  ubique  deuse  ciliata, 

Orificium  oris  subventrale,  trausversum  pone  prominentiam 
scutiformem  situni,  postice  rotundato  ciliato  limitatum' 
(Esophagus  brevis  et  spatiosua  coustrictione  distincta  a  veu- 
triculo  aejunctus ;  ventriculus  simplex  subtcres,  postice  at- 
tenuatua  ct  aine  fine,  ansam  auhitam  formans  in  intestinum 
tranaienaj  intestinum  antice  porrectum  tenuc  cylindricum 
lateri  doraali  ventrieuli  et  cesophagi  incumbens ;  orificio  anali 
circulari  ad  basin  ramorum  tcntaculiferorum  supine  sito, 
Tractus  inteatinalis,  vel  corpus  proprium  polypidia  minime 
nudnsj  Bed  cuticula  distincta,  tenui,  liyalina  circumeirca  arete 
circumdatua. 

Masculi  adsunt  nulli  distincti,  neque  rctractores,  ncque 
protractorea.  Retractio  Polypidia  solummodo  funiculo  con- 
tractili effecta;  protrusio  eingulari  modo  prominentia  effici 
videtur  acutiformi  prEcorali,  at  modum  solese  gasternpodum. 
Et  retractio  et  protrusio  polypidia  aegnissima. 

Spec.  Ehahdopleura  mirabi/is  (M.  Sara). 

Polyzoarinm  irregulariter   flexuosum   aed   raro  modo   et 

parce  ramosum,  stirpe  eorporibus  aVienw  mofe  es,  -^^ta  4^h 
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hserente  ubique  particulis  alienis  yel  quisquiliis  dense  obducta^ 
cellulis  vero  nudis  in  tota  longitudine  liberis  perpendicu- 
lariter  ascendentibus^  vario  modo  flexuosis^  valde  elongatis 
(15iet — igies  circiter  longioribus  quam  latioribus)  stirpe  vix 
angustioribus. 

Habitat  ad  insulas  Lofotenses  in  profunditate  100*-800 
orgyarum  fundo  Umoso,  non  infrequens. 

I  have  unfortunately  not  been  able  to  make  any  observa- 
tions on  the  development  of  the  living  animal^  in  which  I 
have  also  in  vain  sought  for  the  organs  of  generation.  It  was 
only  by  critically  passing  in  review  the  specimens^  which  I 
had  brought  home  one  by  one^  that  my  father  at  last  suc- 
ceeded in  discovering  in  the  creeping  stem  a  couple  of  poly- 
pides  in  course  of  formation.  Allman  has^  however^  been 
more  successful^  and  has  even  found  in  the  specimen  of  the 
Rh.  Normanni  examined  by  him,  a  whole  series  of  develop- 
ments, which  is  of  great  interest.  I  can,  therefore,  only 
add  very  little  to  AUman's  communications  on  this  subject. 
Both  of  the  buds  observed  by  me  had  their  place  in 
separate  everywhere  closed  chambers  of  the  creeping  stem^ 
without  these  chambers  having  as  yet  prolonged  them- 
selves into  any  cell,  and,  like  the  developed  polypides, 
appeared  here  attached  to  the  axial  cord  near  the  bottom  of 
the  chambers,  at  a  short  distance  from  the  transversal 
septum.  The  youngest  of  the  buds  (fig.  7)  corresponds 
approximately  with  the  youngest  stadium  observed  by 
Allman,  as  only  two  parts  were  to  be  distinguished,  a  short 
stalk  and  an  enlarged  terminal  part,  which  had  not  however, 
the  form  indicated  by  Allman,  of  two  compressed  valvules, 
but  of  a  wide,  scutiform,  slightly  curved  plate  (see  fig.  7). 
The  stalk  (h),  which  is  strongly,  almost  globularly  enlarged, 
is  continued  for  some  distance  along  the  concave  side  of  the 
scutiform  plate  mentioned ;  but  this  continuation,  which  is 
not  visible  from  one  (the  ventral)  side,  is  by  an  evident 
instriction  separated  from  the*  proper  stalk,  and  repre- 
sents the  groundwork  of  the  polypide^s  real  body,  whence 
as  well  the  tentacular  arms  as  the  digestive  system  are  after- 
wards developed.  The  other  bud  (figs.  7,  8,  and  9)  will 
about  answer  to  the  stadium  delineated  by  Allman,  1.  c, 
fig.  6.  The  peculiar  scutiform  part  (c)  has  also  here  the 
form  of  a  wide,  evenly  curved  plate,  which  already  has 
assumed  a  somewhat  pentagonal  form,  and  completely  covers 
on  one  side  the  still  only  slightly  developed  real  body,  from 
which,  however,  there  project  in  front,  two  tentacular  pro- 
cesses (d^  dX  extending  beyond  the  border  of  the  shield,  and 
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slightly  crenulated  at  the  edges,  representing  tbc  tentacular 
arms ;  the  stalk  (ii),  wliieh  represents  the  contractile  cord, 
has  lengthened  itself  considerably  {see  fig.  9),  and  its 
anterior  part  forms  a  strong  enlargement,  marked  with 
evident  traces  of  the  spots  of  dark  violet  eolouring- 
matter  peculiar  to  the  adult  animal.  The  real  body  was,  as 
stated,  still  very  slightly  developed,  and  appeared  only  as  a 
small  rounded  pai't  projecting  dorsally  between  that  enlarged 
part  of  the  stalk  and  the  basis  of  the  tentacular  arms ;  on  the 
ventral  aide,  or  that  which  turned  towards  the  concave  sur-_ 
face  of  the  scutiform  plate,  it  was  in  the  middle,  and  to  a 
small  extent  united  to  the  same  by  growth  ;  and  behind  this 
union  there  appeared  already  an  evident  incurvation  or  inci- 
sion in  the  body  of  the  polypide  as  the  first  indication  of  the 
buccal  orifice.  That  the  large  scutiform  plate  is  the  homo- 
logon  of  the  buccal  shield  in  the  fully  developed  polypide  is 
si^eiently  evident,  both  from  its  position  relatively  to  the 
animal's  body  and  from  its  shape.  AUman  has  also  recog- 
nised this;  however,  when  he  assimilates  this  plate  in  the 
Khabdopleura-buds  with  the  mantle  lobes  of  the  Lamelli- 
branohiata,  the  notion  seems  to  me  very  hazardous  and  difli- 
cult  to  establish.  In  any  ease,  the  early  appearance  and 
enormous  development  of  this  part  in  the  buds  of  the  E.hah- 
dopleura  are  extremely  remarkable, 

AUman  has — guided  espeeially  by  the  mode  of  develop- 
ment in  the  Rhabdoplevra — come  to  the  conclusion  that  the 
Polyzoa  are  not,  as  was  formerly  imagined,  most  nearly  re- 
lated to  the  Brachiopods,  but  to  the  Lamellibranchiata,  and 
gives,  1.  c,  some  schematic  figures,  in  order  to  represent 
more  evidently  the  agreement  of  the  Rhabdopleura-buds  with 
a  Lamelhbranch.  AUman,  however,  presupposes,  as  taken 
for  granted,  that  the  Rkabdopleura  is  furnished  with  an  en- 
docyst  of  the  same  nature  as  the  other  Polyzoa,  which,  as 
above  stated,  is  not  the  case,  as  also  his  conception  of  the 
buccal  shield  seems  to  be  inaccurate. 

As  will  be  seen  in  the  sequel,  ray  father  has  acquired  a 
very  different  notion  with  regard  to  the  relationship  of  the 
Polyzoa;  for — guided  by  the  organization  of  their  lowest 
representative,  the  Rhabdophura — he  has  arrived  at  the  sur- 
prising conclusion  that  the  Polyzoa  in  all  probability  have 
taken  their  orgin  from  the  Coelent crates,  namely,  the 
Hydrozoa. 

Like  AUman,  I  sometimes  found  in  the  middle  of  the 
stem  of  the  polyzoarium  individual  chambers,  which,  with- 
out containing  any  bud  in  process  of  formation,  were 
quite  closed  and  not  continued  into  any  ceU^   The  ii 
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wall  of  tlie«e  chambers  was  always  of  very  dark  hom-brown 
colour^  and  so  little  transparent  that  the  axial  cord^  also  here 
ranning  in  the  middle^  was  but  dimly  discernible  through  the 
wall.  This  dark  colour  was  particularly  intense  at  one  of  the 
ends^  and  appeared  to  proceed,  from  the  axial  cord  fixed  in 
the  middle  of  the  septa^  and  here  somewhat  enlarged.  Its 
exterior  horny  substance  seemed  to  be  directly  continued 
into  the  adjacent  chamber  of  the  stem.  Allman  considers 
these  closed  chambers^  wherein  he  has  thought  to  perceive  a 
stratum  of  large  polygonal  cells — of  which,  however,  I  have 
not  been  able  to  observe  the  slightest  trace  in  any  that  I 
have  examined — as  statoblasts,  and  thinks  that  they  are 
formed  by  the  posterior  enlarged  part  of  the  contractile  cord. 
This  seems  to  me,  however,  to  be  far  from  probable,  at  least 
in  reference  to  the  closed  chambers  examined  by  me;  for 
they  looked  far  more  like  remains  of  old  cells  decayed,  owing 
to  the  destruction  of  the  Polypide,  as  is  found  to  be  the  case 
with  other  Polyzoa  in  the  oldest  part  of  the  polyzoarium. 

It  will  be  seen  from  the  foregoing  description  that  the 
genus  Rhabdopltura  differs  in  nearly  all  essential  points  from 
the  ordinary  Polyzoa  far  more  than  Allman  seems  to  have 
conceived.  If  we  compare  what  is  here  communicated  with 
the  chief  points  which  have  been  briefly  enumerated  by  various 
authors,  for  instance,  Allman,  Hyatt,  &c.,  others,  as  charac- 
teristics of  the  Polyzoa  in  general,  and  which,  therefore,  are 
considered  as  essential  marks  most  intimately  connected  with 
the  idea  Polyzoa,  the  anomaly  of  this  form  becomes  so  strik- 
ing as  finally  even  to  justify  a  doubt  as  to  whether  it  really 
can  be  referred  to  the  class  of  Polyzoa.  First  and  foremost 
stands  the  want  of  a  so-called  endocyst  or  mantle y  which 
sharply  distinguishes  this  form  from  all  other  known  Polyzoa, 
all  of  which  possess  such  an  appendage.  This  mantle  is  so 
essential  a  component  part  of  a  Polyzoon  that  it  is  difficult 
to  imagine  one  without  it.  One  would  rather  imagine  the 
ectocyst  wanting,  as  this  plays  a  far  less  important  part  in  the 
economy  of  the  animal,  generally  remaining  passive,  and 
properly  only  serving  as  a  protection  for  the  soft  animal. 
The  mantle  is  likewise  a  characteristic  for  the  Tunicates  and 
the  Brachiopods,  which  two  classes  have  also  been  united  by 
M.  Edwards  with  the  class  Polyzoa,  under  the  common  ap- 
pellation of  Molluscoidea  (Hackel^s  Himatega  or  Mantle- 
animals). 

Next,  and  as  a  consequence  of  the  absence  of  a  real  endo- 
cyst, the  retraction  and  protrusion  of  the  animal  in  the  Rhab 
dopleura  are  effected  in  a  manner  totally  different  from  that 


42  GEORGE  OaSIAN  SAKS. 

of  the  genuine  Polyzoa;  it  moves  up  and  down  iu  its  cell 
without  being  attached  to  the  opening,  not  fi_ 
and  evagination  of  the  anterior  part  of  the  cell,  and  not 
several  sets  of  special  separate  muscles. 

The  following  remarks  on  the  affinity  of  Rkabdoplevra  are 
from  my  father's  manuscript  notes : 

The  Wiabdopleura  shows  in  many  respect  an  unmistakable 
resemblance  to  certain  Hijdrozoa.  Juat  as  in  these,  the 
individual  animals  are  uot  attached  to  the  anterior  part  of 
the  cells  (iu  the  Polrnoa  the  anterior  involved  part  of  tlie  eu- 
docyat  is  attached  al!  round  to  the  basis  of  the  tentacular 
corona} ;  the  cells  are  therefore  open,  filled  (not  with  the  so- 
called  perigastric  liquid,  but)  with  the  sea-water  entering 
from  without,  and  the  aperture  of  the  cell  is  of  a  defined  and 
invariable  shape  (while  the  cells  of  the  Polyzoa  are  always 
closed  by  the  attachment  of  the  endocyst  to  the  basis  of  tho 
tentacular  corona,  and  have,  therefore,  no  proper  opening, 
for  what  is  called  aperture  is  nothing  more  than  the  part  of 
the  cell  through  which  the  animal  (lasses  in  au  and  out)." 

"Moreover,  the  re/rac/ioK  of  the  animal,  effected  in  the 
Rhabdopleura  by  means  of  the  contractile  cord,  at  the  end  of 
which  the  animal  is  suspended,  coincides  essentially  with 
that  of  the  Hydrozoa,  in  which  the  part  corresponding  to  that 
cord  ('  the  ileshy  stalk  or  axis,'  '  the  intestinal  canal ' 
(Loven) ,  '  the  branched  or  unbranchcd  coerienchym,  on  which 
the  individual  animals  are  situated,  and  which  is  perforated 
by  a  canal-like  continuation  of  the  abdominal  cavity  of  the 
individual  animals')  is,  indeed,  usually  less  free  (often  in 
many  places  attached  to  the  wall  of  the  cell),  and  possesses  a 
less  degree  of  contractility  than  the  Rhabdopleura,  but  yet, 
in  some  genera,  f  es.  Grammaria,  also  neariy  approaches  the 
Rhabdopleura  in  these  respects.  On  the  contrary,  the  pro- 
trusion in  the  Rhabdopleura  is  effected  in  a  peculiar  manner, 
and  different  from  that  of  either  Polyzoa  or  Hydrozoa, 
namely  by  a  sort  of  creeping,  executed  by  the  preoral  promi- 
nence (buccal  shield),  whicU  appears  to  answer  to  the  epis- 
tome  in  the  other  Polyzoa,  although  in  these  it  must  have  an 
entirely  different  function," 

On  the  other  hand,  Me  highly  developed  digestive  system, 
the  presence  of  an  anus,  the  Juxtaposition  of  (he  mouth  aTid 

IS,  and,  finally,  the  bilateral  laphophore,  are  all  characters 
peculiar  to  the  Polyzoa,  and  entirely  foreign  to  the  Hydrozoa. 

It  is  clear  that  we  have  under  observation  in  the  Rhabdo- 
pleura, a  form  of  animal  life  which  stands  as  it  were  in  the 
middle  between  the  Hydrozoa  and  Polyzoa,  or  forms  a  tran- 
BJUon  ftom  one  to  the  other ;  one  o£  thoae  "  Qerglexu 
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forms''  which  will  not  fit  rightly  anywhere  in  the  system  of 
zoologists. 

When,  finally,  and  as  the  object  of  the  whole  investiga- 
tion, we  will  give  account  of  our  conception  of  the  RhabdO' 
pleura,  and  decide  on  the  class  to  which  we  will  refer  it,  our 
opinion  is  that  these  questions,  like  so  many  others,  can  only 
be  properly  answered  through  the  medium  of  the  Darwinian 
theory. 

The  Rhabdopleura  is,  undoubtedly,  like  many  other  ani- 
mals which  at  present  inhabit  the  greater  depths  of  the  sea, 
and  with  some  of  which  we  have  in  the  latter  times  become 
acquainted,  a  very  old  form,  which  in  its  organisation  has 
still  retained  several  features  from  the  time  when  the  animal 
type  that  we  call  Polyzoa  first  developed  itself  from  a  lower 
type. 

The  Polyzoa,  which  most  anthers  agree  in  referring  to  the 
main  type  or  trunk  (phylon)  of  the  Molluscs  are  usually 
supposed  among  the  other  animal  types,  to  show  the  greatest 
affinity  with  the  Vermes  ;  and  they  are  even  considered  by 
many  zoologists  as  not  being  molluscs  at  all,  but  as  genuine 
worms.  Their  affinity  to  worms  has,  however,  not  been 
demonstrated  by  any  evident  and  distinct  transition-form 
between  the  two  are  not  known.  *  The  Rhabdopleura  shows 
how  evidently  that  the  Polyzoa  are  not  most  closely  related 
to  the  worm-type,  but  in  the  type  of  the  Coelenterates,  and 
especially  to  the  class  oiHydrozoa,  The  Polyzoa  have  already 
iu  the  earliest  primordial  times  (for  fossil  remains  of  them 
are  found  in  the  lowest  silurian  formations)  developed  them- 
selves from  the  Hydrozoa  by  transmutation.  We  have  in 
the  Rhabdopleura  manifestly  such  a  form  of  Polyzoa  in  course 
of  development  out  of  a  form  of  Hydrozoa.  The  changes 
which  must  take  place  in  order  that  a  Hydrozoon  can  be 
transmuted  into  a  Polyzoon  consists  in  the  following  points. 
Instead  of  the  simple  abdominal  cavity  of  the  Hydrozoa, 
with  a  single  aperture  which  functions  as  both  mouth  and 
anus,  there  is  formed  an  intestinal  canal  with  special  walls, 
dividing  itself  into  three  sections — gullet,  stomach,  and  intes- 
tine, which  last  ascends  alongside  of  the  stomach  and  gullet, 
terminating  with  an  exterior  aperture  or  anus  in  the  vicinity 
of  the  mouth.  This  formation  is  completed  in  the  Rhabdo- 
pleura, but  no  more.  The  following  phases  of  this  develop- 
ment which  consist  in  the  formation  of  a  wide  sagk-like 
contractile  endocyst  or  mantle,  which  in  its  anterior  part  is 
detached  from  the  ectocyst  or  cell,  involved  in  itself  (inva- 
gination) and  attached  round  about  the  basis  of  the  tentacular 
sheath^  vaginalj  whereby  the  animal  that  formerly  was  free  i 
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in  its  cell  now  becomes  attached  to  the  anterior  part  of  the 
cell,  and  the  complicated  system  of  the  special  retractor  and 
protractor  muscle,  all  the  mutations  have  not  yet  taken  place 
iu  the  Rliabdopleura.  This  animiil  liaa  thus  remained  sta- 
tionary in  the  lirat  stage  of  development  from  a  Hydrojoon 
to  a  Polyzoon,  but  must,  neverthelesa,  be  considered  as  be- 
longing to  the  type  (trunk)  of  the  Polyzoa,  since  the 
development  of  the  completely  organised  digestive  sygtem, 
which  is  so  entirely  foreign  to  the  Hydrozoa,  sufficiently 
stamps  it  as  a  Polyzoon. 

Finally,  we  remark  that  it  may  appear  strange  that  the 
Rhabdopleura,  which  in  all  probability  ia  of  so  ancient  origin, 
should  possess  a  similar,  although  modified,  form  of  tenta- 
cular Corona  (bilateral)  to  that  which  belongs  to  most  fresh 
water  Polyzoon  [P.  Bippocrepia,  Gervais,  PhylaetolEcmata, 
AUman),  and  which  is  usually  considered  as  a  more  perfect 
formation  that  the  circular  (in  P.  infundibulata,  G.).  It  is, 
however,  possible,  that  the  first  is  properly  the  circular 
form,  from  which  the  latter  has  aubaequeutly  arisen.  The 
fresh  waters  appear,  as  Ha3ckel  lately  has  remarked,  to  con- 
tain the  direct  descendants  of  some  of  the  eldest  animal 
forma  which,  by  reason  of  the  less  complicated  accident  of 
the  fresh  waters,  have  often  in  the  "  struggle  for  life,"  only 
slightly  altered  their  original  more  simple  structure  ;  as  for 
instance,  among  the  Coelenteratea,  the  Hydra;  among  the 
llhizopoda,  the  Aclinophrys,  Grovtia,  and  the  shell-less 
Iladiolaria  lately  discovered  by  Eocke ;  among  the  fish,  the 
Ganoidea,  &c. 


On  the  ExTSTENCB  o_f  an  Enamel  Organ  in  an  Armadili^ 
(Tatusia  Peba).  By  Chakles  S.  Tombs,  M.A.  (With 
Plate  11.) 

According  to  the  views  of  Arnold  and  Goodair,  which  for 
many  years  have  passed  current  amongst  anatomists  as  being 
a  correct  interpretation  of  the  early  stages  of  tooth  develop- 
ment, the  dental  germs  first  make  their  appearance  as  free 
uncovered  papillic,  rising  up  from  the  bottom  of  an  open 
groove,  to  which  was  applied  the  name  "  primitive  dental 
groove';"  and  our  anatomical  text-books  have  hardly  kept 
pace  with  advancing  knowledge  in  this  matter,  for  even  in 
some  of  the  most  recent  these  views  of  Arnohl  and  Goodsir, 
aow'm  some  important  particulars  obsolete,  are  to  be  found, 
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With  the  subsequent  stages  in  the  development  of  the 
teeth  we  are  not  for  the  present  concerned ;  the  prominent 
feature  of  Arnold  and  Goodsir*s  view,  which  was  long  adopted 
by  almost  every  writer,  was  the  appearance,  in  the  first  place, 
of  a  free,  uncovered  papilla,  which  was  afterwards  destined  to 
be  calcified  into  dentipe. 

As  expressing  the  matter  clearly  and  concisely,  I  may 
quote  the  words  of  Professor  Owen  :  ^ 

"In  the  development  of  a  tooth  a  matrix  or  formative 
organ,  corresponding  in  complexity  with  the  kind  of  tooth 
to  be  formed,  is  first  developed.  It  consists  either  of  a  soft 
vascular  papilla — a  free  conical  process — as  in  certain  fishes, 
which  mould  of  the  future  simple  tooth  is  called  its  *  pulp,' 
or  ^the  dentinal  pulp,'  or  it  consists  of  the  pulp  enclosed 
in  a  *  capsule,'  or  of  a  pulp  with  such  a  modification  of  its 
peripheral part^  situated  between  the  pulp  proper  and  the 
capsule,  as  to  merit  a  distinct  definition  as  an  *  enamel 
organ.'  ^\iq  first  and  most  constant  of  these  parts  is  termed 
ihe  ^  dentinal  pulp, ^  the  second  is  the  capsule  or^cemental 
pulp,^  and  the  third  is  the  *  enamel  pulp.' " 

To  this  I  may  add  that  the  simplest  teeth  consist  only  of 
dentine,  the  next  stage  in  complexity  being  the  addition  of 
cementum,  while  the  presence  of  enamel  marks  a  third 
stage  in  complexity ;  so  that  it  would  be  quite  in  accordance 
with  the  little  that  we  know  of  the  laws  of  development  that 
in  an  animal  whose  teeth  ultimately  possess  all  three  struc- 
tures the  dentine  germ  should  appear  first,  next  that  of  the 
cementum,  and  lastly  that  of  the  enamel;  it  would,  in  fact, 
then  be  an  illustration  of  "  progress  from  the  general  to 
the  special  in  development." 

But  unfortunately  more  accurate  observations  do  not  con- 
firm this.  The  order  of  appearance  of  the  three  several  germs 
is  not  by  any  means  that  above  described,  and  the  researches 
of  Professors  Kolliker  and  Emil  Dursy  have  shown  (1)  that 
there  is  never  at  any  time  a  deep,  widely  open  groove,  from 
the  bottom  of  which  spring  up  free,  uncovered  papillae,  but 
that  the  "  primitive  dental  groove,"  as  seen  and  described  by 
Arnold  and  Goodsir,  was  "artefact ;"  and  (2)  that  at  a  period 
when  the  dentine  germ  has  no  histological  characters,  but  is 
only  distinguishable  from  the  surrounding  tissue  as  a  slight 
opacity  of  no  very  definite  form  nor  definite  limits,  the  enamel 
germ  has  undergone  active  growth  and  very  manifest  histo- 
logical difierentiation  of  its  component  cells  (see  fig.  2), 

Thus,  although  a  skilled  observer  can  detect  faint  indica- 

*  Article   "Odontology/*   'Encyclopaedia    Britaanica/    p.    414..      The 
talics  arc  my  own. 
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Although  I  have  examined  six  or  seven  specimens,  1  have 
not  hcen  successful  in  getting  satisfactory  sections  illus- 
trating any  other  stage  in  the  tooth-development. 

I  have,  however,  examined  a  large  numher  of  the  teeth 
of  armadillos,  removed  from  the  tooth  sacs  prior  to  their  erup- 
tion, and  have  not  discovered  the  least  vestige  of  enamel 
upon  any  of  them  ;  the  cementum  covers  them  nearly  to  the 
tip,  but  I  have  never  seen  it  quite  reach  to  the  tip  of  the 
tooth. 

The  results  of  my  inquiries  may  be  summarised  thus  : 

1.  In  Tatusia  Peba,  a  creature  which  has  no  vestige  of 
enamel  upon  its  teeth,  the  first  histological  structure 
distinctly  recognisable  in  the  tooth  germ  is  a  well-developed 
enamel  germ,  perfectly  identical  with  that  seen  in  other 
mammalian  foetuses  of  similar  age. 

2,  That,  without  any  enamel  having  been  formed,  and  at 
a  very  early  period  in  tooth  development  (namely,  contempo- 
raneously with  the  formation  of  a  very  thin  cap  of  dentine), 
this  enamel  organ  assumes  a  condition  precisely  similar  to 
that  attained  to  by  other  enamel  organs  after  their  function 
has  been  completed  by  the  deposition  of  the  whole  thickness 
of  the  enamel. 

The  persistent  connection  of  the  enamel  with  the  oral 
epithelium  from  wliich  it  was  derived  is  very  well  shown  by 
many  of  the  sections,  some  of  which  also  show  well  the 
second  inflection  of  epithelium  which  forms  the  enamel  germ 
of  the  permanent  tooth,  thus  affording  an  additional  confir- 
mation of  the  fact,  to  which  attention  has  been  drawn  by 
Rapp,  Gervais,  and  Professor  Flower,  that  amongst  armadillos 
Tahisia  Peba  at  all  events  is  not  a  nionophyodont,  but  pos- 
sesses two  well-developed  and  functional  sets  of  teeth. 

The  occurrence  of  a  structure  which  is  destined  to  be  made 
no  use  of  in  the  further  course  of  development  would  of  itself 
be  noteworthy,  but  this  observation  on  the  teeth  of  the  arma- 
dillo possesses  a  wider  interest,  for  it  bears  on  the  whole 
question  of  the  affinities  and  genealogy  of  that  peculiar  group, 
the  Edentata ;  it  would,  however,  be  out  of  place  to  enter 
into  a  discussion  of  its  probable  significance  in  thfe  pages  of  a 
journal  specially  devoted  to  Histology ;  and,  moreover,  our 
knowledge  of  the  development  of  the  teeth  of  the  mammalia 
being  limited  to  those  of  a  very  few  species,  it  would  be  un- 
safe to  enter  upon  generalisations  built  upon  so  imperfect  a 
basis. 
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Bessarchbs  an  the  Mvcorini,  by  Ph.  Van  Tieqhem  and 
G.  Lb  Moxnibb  (with  Plates  III  and  IV).* 

Since  modem  research  has  demonstrated  the  existence  of 
polymorphism  in  the  reproductive  organs  of  Fungi,  there  has 
been  a  general  agreement  as  to  the  necessity  of  a  revision  of 
the  entire  class.  No  species  of  fungus  can  now  be  said  to  be 
thoroughly  understood  until  all  the  reproductive  structures 
have  been  discovered  which  its  mycelium  is  capable  of  develop* 
ing  as  well  as  the  order  in  which  they  succeed  one  another, 
or  alternate.  From  being  acquainted  with  but  one  kind  of 
reproductive  apparatus  we  may  easily  fall  into  error  iu 
assigning  to  the  species  to  which  it  belongs  a  wrong  place  in 
a  natural  classification.  Such  a  determination  must  be 
necessarily  provisional,  and  it  is  most  essential  to  endeavour 
to  arrive  at  a  knowledge  of  those  other  reproductive  states 
which  can  alone  enable  us  to  certainly  determine  its  true 
systematic  position.  It  may  even  happen  that  two  species 
belonging  to  distinct  genera  may  each  have  a  reproductive 
apparatus  (and  this  may  also  happen  to  be  at  the  time  the 
only  one  known)  which  may  have  so  close  a  resemblance  as 
to  all  but  justify  us  in  regarding  them  as  identical.  The 
number  and  nature  of  the  .reproductive  structures  which  a 
species  posseses  cannot  be  deduced  a  priori  from  any  general 
law;  in  different  families  of  the  same  class  the  vegetative 
cycle  may  embrace  an  altogether  different  series. 

It  is  evident,  therefore,  that  the  study  of  fungi  presents 
great  diflSculties  which  explain  the  slowness  as  well  as  the 
uncertainty  of  its  progress,  and  even  the  retrograde  direction 
it  has  taken  and  the  confusion  into  which  it  has  fallen 
in  the  hand  of  some  authors.  These  difficulties  are  of  two 
kinds,  synthetic  as  well  as  analytic.  The  first  present  them- 
selves when  we  attempt  to  correlate  with  the  Species  to  which 
it  belongs  some  reproductive  structure  which  we  meet  with 
altogether  is9lated.  The  others  arise  when  we  seek  to 
distinguish  amongst  the  numerous  forms  which  habitually 
grow   mixed   together   those   which   have    a    true   genetic 

»  [This  article  is  a  free  but  condensed  translation  of  portions  of  a  memoir 
occupying  nearly  140  pages  of  the  17th  volume  (pn.  261 — 399)  of  the 
current  series  of  the  'Annales  des  Sciences  Naturelles.'  The  extremely 
interesting  results  arrived  at  by  the  authors  derive  a  special  importance 
from  the  precision  of  the  method  which  they  have  devised  and  employed. 
It  is  much  to  be  hoped  that  this  will  attract  the  attention  of  microscopists 
in  this  country,  and  lead  to  the  repetition  and  extension  of  similar  observa- 
tions.—W.  T.  T.  D.] 
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position  noteiL  No  doubt,  also,  we  miist  trust  to  chance  for 
success  in  only  introducing  a  single  spore  into  a  drop,  but  iii 
a  large  series  of  experiments  chance  is  sure  sometimes  to 
favour  us,  and  if  we  are  careful  to  sow  the  smallest  possible 
number,  it  is  generally  possible  to  fix  one's  attention  on  a 
particular  spore  and  keep  that  steadily  under  observation. 

The  minute  quantity  of  nutritive  fluid  which  suffices  for 
successful  culture  is  really  astonishing,  but  the  result  of  our 
observations  leaves  no  doubt  on  that  head.  The  liquids 
which  we  have  most  frequently  employed  are  orange-juice 
boiled  and  filtered  which  is  an  acid  and  saccharine  liquid,  and 
decoction  of  horse-dung  also  boiled  and  filtered  which  is 
a  neutral  and  alkaline  one  rich  in  nitrogenous  principles- 
The  latter  is  suitable  for  the  culture  of  a  much  larger  num- 
ber of  species  than  the  first,  but  it  is  apparently  poorer  in 
nutritive  matters,  since  the  mycelium  is  always  much  less 
vigorous  in  it.  It  has  also  the  additional  disadvantage  of 
lending  itself  very  readily  to  the  development  of  bacteria, 
which  are  destructive  to  the  cultures.  Orange-juice,  being 
acid,  is  not  open  to  this  objection,  and  the  only  enemy  to  fear 
with  it  is  Pejiicillium  glauciim ;  we  have  given  it  the  prefer- 
ence whenever  possible.  In  addition,  we  have  also  -em- 
ployed, for  the  sake  of  comparison,  brewers'  wort,  ordinary 
water,  and  a  saline  solution  of  ihe  following  composition, 
with  or  without  the  addition  of  7  grms.  of  sugar : — 

i  grammes,  ^^| 


Calcium  nitrate 
Fotassiani  pliospliate 
Mftgiiesiuin  sulpliatc 
PotaaSLum  nitrate  • 
Wafer 


1 


It  must  be  remarked  that  the  causes  of  failure  in  these 
cell-cultures  are  very  difierent,  and  by  no  means  obvious. 
The  condilion  of  the  spores,  especially  as  to  age,  exerts  an 
effect  which  must  not  be  attributed  to  the  nutrient  medium. 
Too  much  importance  must  not,  therefore,  be  attached  to 
particular  features ;  at  the  best  they  will  only  have  a  negativa 


General  character  of  the  group  o/Mucokiki. 


The  characters  which  define  a  group  of  fungi  should 
drawn  from  the  vegetal ive  system  or  mycelium;  the  single 
sexual  reproductive  apparatus;  the  often  extremely  poly- 
morphic asexual  reproductive  structures,  and  the  order  in 
which  these  different  arrangements  succeed  one  another, 
and  which  consequently  determines  the  alternation  of 
generations. 


i 
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The  mycelium  of  the  Mucorini  always  originates  from  a 
spore  of  asexual  origin ;  the  sexually  produced  spore  or  zygo- 
spore never  produces  mycelium^  but  developes  at  once  dn 
asexual  reproductive  apparatus. 

Placed  under  favorable  conditions  the  asexual  spore  puts 
out  one  or  more  tubes  or  hyphae^  which  elongate  and  ramify, 
forming  a  mycelium,  which  in  the  first  instance  is  always 
unicellular,  as  in  the  Perono8pore<B  and  Saprolegmacece. 
The  more  or  less  granular  protoplasm  which  the  hyphse 
contain  possesses  characters  different  from  those  met  with 
amongst  Ascomycetes  and  Bastdiomycetes.  Later  on,  as  the 
protoplasm  disappears  from  the  liyphse,  septa,  more  or  less 
irregularly  distributed,  make  their  appearance.  Usually  the 
byphae  preserve  a  complete  independence,  but  in  some  genera 
of  the  family  {Ch4Btocladtum,  Mortterella,  Syncephalis)  they 
form  numerous  anastomoses.  Their  membrane  is  always 
colourless.  The  mycelium  sometimes  develops  exclusively 
in  the  inferior  of  the  nutrient  medium;  sometimes  it  de- 
velops itself  equally  both  in  this  medium  and  in  the  air.  In 
some  Mucorini  it  may  occasionally  attach  itself  to  the 
mycelium  or  productive  apparatus  of  other  plants  of  the  same 
family,  and  derive  nutriment  from  them — in  fact,  become 
parasitic  (^Chcetocladium,  Piptocephalis,  Syncephalis),  But 
this  parasitism  appears  to  be  far  from  essential,  since  the 
same  mycelium  fructifies  and  vegetates  almost  equally  well 
when  completely  isolated.  No  species  of  the  Mucorini  appears, 
therefore,  to  be  parasitic  in  the  fullest  and  absolute  sense  of 
the  word. 

Asexual  reproduction  ;  Sporangia,  All  the  Mucorini  de-* 
velope  from  this  mycelium  erect  hyphae,  in  some  cases 
energetically  responding  to  light  (Mucor,  Phycomyces,  &c.), 
in  other  cases  wholly  insensible  to  it  (Rhizopus,  Circinella) ; 
their  membrane  is  coloured  blue  or,  at  any  rate,  violet  or 
rose  colour  by  Schultz's  solution,  and  they  terminate 
in  a  system  of  sporangia,  in  which  the  asexual  spores  originate 
by  a  process  of  division.  Sometimes  these  sporangia  are 
globular,  and  they  then  usually  contain  a  large  number  of 
spores,  ranging  from  500,000  to  \0  {Phycomyces,  Mucor,  Sec), 
Occasionally  the  sporangia  are  uniformly  monosporic  (  CA^^o- 
cladium).  In  Piptocephalis  and  Syncephalis  the  spores  are 
arranged  in  a  narrow  sporangium  in  a  single  row.  The  de- 
hiscence of  the  sporangium  takes  place  in  different  ways ;  its 
membrane  may  become  totally  absorbed  without  leaving  any 
trace  as  soon  as  the  spores  become  mature.  A  drop  of  fluid 
secreted  from  the  apex  of  the  sporangiferous  hypha  envelope 
the  liberated  spores  {Mortierella,  Piptocephalis,  Syncephalis)r 
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In  Other  cases  the  membrane  persists  and  the  spores  escape' 
by  a  fissure,  which  may  be  circular  and  at  the  base  (PUobolus') 
or  about  the  middle  {Circinella) ;  sometimes  it  is  only  sub- 
sequent to  the  fall  of  the  sporangia  that  the  liberation  of  the 
spores  takes  place.  An  intermediate  case  is  produced  when 
the  base  of  the  membrane  is  ahsorhed  and  becomes  dissolved 
with  more  or  less  facility,  leaving  merely  the  dark  granules 
or  partictes  of  calcium  oxalate,  which  incrusted  it  {Muoor 
bifidus,  M.  Mucedo,  &c, ;  Rhizopus,  &c.).  The  septum  which 
separates  the  sporangium  from  its  hypha  is  sometimes  flat 
(C/icetocladium,  Mortierella,  &c.).  Sometimes  it  is  more  or 
less  strongly  bulged  inwaras,  forming  the  so-called  columella 
(Mktoor,  Phycomyces,  Circinella,  &c.)-  Generally  speaking, 
the  Mueorini  have  only  a  single  kind  of  sporangium.  In 
Home  genera,  however,  there  are  two  distinct  sporangia! 
systems  distinguishable  at  matunly  both  by  the  structure  of 
the  sporangia  and  of  the  hypha;  which  bear  them  ;  the  spores, 
however,  are  identical. 

Chlamydosporet. — These  are  a  second  kind  of  asexual 
spores,  differing  from  the  first  in  their  mode  of  formation 
as  well  as  their  structure  and  formation.  They  are  found  in 
some  genera  of  Mueorini  and,  perhaps  in  all,  and  are  produced 
singly  in  the  interior  of  the  hypha  by  a  local  condensation 
and  transformation  of  the  protoplasm.  They  are  set  at 
liberty  by  the  absorption  of  the  membrane.  The  chlamy- 
dospores  may  assume  two  different  forms  depending  on  the 
degree  of  differentiation  of  the  portion  of  the  mycelium 
which  produces  them.  In  some  cases  the  mycelium  develops 
branches  which  elevate  themselves  into  the  air,  and  which, 
being  either  simple  or  ramified,  terminatein  a  large  endogenous 
spore,  with  a  thickened  external  echinulate  or  tuberculate 
membrane.  The  mycelium  may  continue  its  growth  for  a 
considerable  period  without  producing  any  other  kind  of 
fructification,  and  producing  only  these  axial  pedicellate 
chlamydospores.  In  this  state  the  plants  have  been  often 
mistaken  for  Mucedinea,  especially  for  species  of  Sepedonium. 
In  other  cases  it  is  within  the  hyphce  themselves  and  not 
at  the  extremities  of  special  branches  that  the  protoplasm 
aggregates  especially  towards  the  close  of  the  period  of  growth 
to  form  asexual  spores.  They  are  very  irregular  in  form  and 
size,  and  are  only  set  free  hy  the  destruction  of  the  enclosing 
membrane ;  these  are,  therefore — as  opposed  to  the  pedicel- 
late chlamydospores  with  which,  however,  in  Mortierella  there 
are  connecting  links — mycelial  and  sessile.  They  may  be 
terminal  or  distributed  throughout  the  hypha,  and  isolated  or 
'a  rows;  tbey  may  occur  either  in  the  sporangiferous  hyphie 
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which  after  the  matandoD  of  the  sponuigiain  are  reduced  to 
the  condition  €i  mere  mycelial  filaments.  In  fact,  they  may 
be  found  in  every  part  from  the  cavity  al  the  original  spore 
to  the  columella  of  the  empty  sporanginm.  But  all  the 
genera  and  all  the  species  al  the  same  genus  do  not  develope 
them  to  the  same  extent.  The  difference  in  this  respect  is 
especially  noticeable  in  the  case  of  Muccr. 

Chlamydospores  are  not  confined  to  the  Ascomyceie$. 
Woronin  has  in  tact  described  pedicellate  ones  in  AscoMus 
jndcherrimus,  and  we  have  also  met  with  them  ourselves  in 
KickxeOa  alabastrina. 

We  see  therefore  that  amongst  the  Mucarini  the  poly- 
morphism of  the  reproductive  oi^ans  is  very  restricted^  since 
it  only  ranges  between  the  sporangial  form,  which  may,  it  is 
true,  be  of  two  kinds,  and  the  chlamydial  which  also  put  on 
somewhat  different  aspects.  What,  however,  is  remarkable 
is,  that  the  asexual  spore  is  always  endc^uous ;  it  is  always 
formed  within  a  cell  at  the  expense  of  the  whole  or  part  of 
the  protoplasm,  and  to  permit  its  escape  the  containing 
membrane  must  be  either  ruptured  or  absorbed. 

Chatocladium  at  first  sight  appears  to  establish  a  transition 
between  the  sporangial  and  chlamydial  forms  of  spores,  but 
this  is  only  in  appearance,  since  by  its  mode  of  formation, 
structure,  and  function,  the  spore  of  Chatocladium  is  clearly 
a  sporangiospore  and  not  a  chlamydospore.  The  chlamydial 
form  is  still  far  from  completely  understood,  and  its  occurrence 
may,  perhaps,  not  be  possible  in  some  genera. 

Sexual  reproduction.  —  After  the  production  of  asexual 
spores  the  mycelium  of  the  Mucorini  produces  at  particular 
points,  either  in  the  air  (Sporodtma),  on  the  surface  of  the 
nutritive  medium  (Phycomyces),  or  within  it  (Mucor  Mucedo) 
zygospores,  the  result  of  the  mutual  interpenetration  of  two 
protoplasmic  masses  of  distinct  origin.  Two  perfectly  similar 
hyphae,  either  straight  {Mucor y  RhizopuSy  Chcetocladium),  or 
arcuate,  like  the  teeth  of  a  vice  come  into  contact  by  their 
swollen  extremities.  At  the  same  time  the  protoplasm  con- 
tained in  each  cell  contracts  into  a  sphere.  The  double 
partition  between  the  two  protoplasmic  spheres  is  absorbed, 
and  they  coalesce  into  a  single  mass  or  zygospore,  which 
increases  in  size  and  clothes  itself  with  a  tuberculate  or 
echinulate  membrane.  This  is  inclosed  in  addition  by  the 
thinner  coat  of  the  two  original  conjugating  cells,  which 
becomes  coloured  (often  black) ,  and  adapts  itself  to  all  the 
projections  of  the  internal  membrane.  Generally,  the 
zygospore  occupies  the  whole  internal  space  of  the  two 
conjugating  cells;   in  Piptocephalis,  however,  Brefeld  has 
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Bhown  that  it  only  occupies  a  Brnall  part  of  tliis  ripace,  and 
projects  esternally.  The  zygospore  is  therefore,  )ike  the 
asexual  spores,  endogenous  in  its  origin. 

It  does  not  germinate  till  it  has  undergone  a  desiccation 
and  has  experienced  a  certain  period  of  rest.  Placed  in  a 
moist  atmosphere  it  produces  at  once,  without  the  inter- 
vention of  mycelium,  a  sporangial  system  possessing  all  the 
characters  which  belong  to  that  of  the  species  which  pro- 
duces it.  The  asexual  spores  which  these  contain  develope 
&  mycelium,  iu  their  turn  producing  sporangia,  chlamydo- 
spores,  and  zygospores. 

In  the  actual  state  of  our  knowledge  it  is  ditQcult  to  affirm 
that  all  these  kinds  of  reproductive  apparatus  exist  iu  every 
representative  of  the  group.  In  point  of  fact,  only  one — the 
sporangial — has  been  observed  in  all  the  species.  Zygospores 
are  only  at  present  known  in  the  genera  Sporodinia,  Rhizo- 
pua,  Mucor,  Pbycomycea,  Chatocladium,  and  Piptocephalia. 
Brefeld  does  not  admit  that  ChtBtocladium  and  Piptocgikaiis 
possess  sporangia,  but  only  conidia.  According  to  his  views, 
therefore,  the  term  Zygomycetes  is  more  expressive  than 
Mucorini,  which  he  restricts  to  the  sporangiferous  Zygomy- 
cetes. This,  however,  appears  to  us  founded  on  an  error, 
and  there  appears,  therefore,  no  reason  for  changing,  on  this— 
ground,  the  old  and  established  name  of  the  group.  ^fl 


PiLOBOLCS.  ■ 

J,  Klein  ^  has  been  led,  owing  to  a  faulty  method  of  obser- 
vation, to  the  erroneous  result  that  Pilobolus  is  capable  of  con- 
version into  Mucor.  It  is  quite  true  that  he  sowed  the  spores 
on  a  slide,  but  he  used  a  drop  of  fruit  juice  covered  with  a  piece 
of  thin  glass,  and  it  was  on  the  uncovered  edges  of  the  drop, 
exposed  to  every  source  of  error  and  inaccessible  to  rigorous 
examination,  that  he  observed  the  development  and  tiuctiS- 
cation  of  Mucor, 

It  is  rather  remarkable  that  the  suspicions  of  Klein  were 
not  aroused  by  the  unexpected  nature  of  his  results.  Thus 
the  spores  of  P.  cryslallmtts  sown  in  a  watchglass  produced 
a  Mucor  with  sporangia.  Spores  of  the  same  crop  ot  P.  crys- 
tailintis  sown  in  horse-dung  decoction  produced  the  fructifi- 
cation of  P.  crystaUinus.  Spores  of  this  second  generation 
sown  on  saccharine  fruit  juice  produced,  in  their  turn,  a 
Mucor,  but  one  different  from  the  iirst.  We  therefore  arrive 
at  the  result,  not  a  little  surprising,  that  Pilobolus-sporeB 
'  Pringsb.  Jahrb.  f.  w.  Bot.,'  viii,  pp. 
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produce  a  different  species  of  Mucar,  according  to  the  genera- 
tion they  belong  to.  But  the  spores  of  these  species  of 
MucoTi  when  sown  in  their  turn,  only  produced  a  similar 
kind  of  Mucar y  and  never  returned  to  Piiobolus, 

When  these  results   were   published  we  were  naturally 
anxious  to  confirm  them.     But  both  the  spores  of  P.  cedipus 
and  of  P.  crystaUinus  have  refused  to  germinate  with  us  in 
the  juice  of  cooked  plums,  or,  at  any  rate,  they  have  only 
produced  very  short  tubes,  and  nothing  more  has  come  of 
them.     It  is  quite  true  that  some  of  our  cultures  yielded  abun- 
dance of  Mucar y  and  belonging  to  more  than  one  species,  but 
we  were  quite  prepared  for  this,  for  we  had  previously  detected 
the  presence  of  their  spores.     In  one  case  amongst  seventeen 
spores   of  PHobolus,   three   spores   of  Mucor  developed   a 
vigorous  mycelium  and  abundantly  fructified.     Another  time, 
among  nine  spores  of  Piiobolus  there  was  a  spore  of  another 
species  of  Mucor y  and  this  also  fructified.     In  other  cases, 
extraneous  spores  produced  Botrytis  cinerea  and  Altemaria 
tenuis. 

Phycomyces. 

This  plant  was  discovered  by  C.  Agardh  on  the  walls  and 
wood-work  of  oil  mills  and  storehouses  for  oil  in  Finland.^ 
Being  unacquainted  with  its  reproductive  apparatus,and  being 
especially  struck  with  its  dark  green  colour  and  the  shining 
aspect  of  its  large  flattened  filaments,  he  supposed  it  to  be 
an  alga,  and  named  it  ZTlva  nitens — a  name  which  he 
still  retained  for  it  in  1823.*  In  this  year,  however,  G. 
Kunze  met  with  it  under  the  same  conditions  in  Saxony,  and 
especially  in  the  neighbourhood  of  Leipzig  and  Dresden ; 
having  detected  the  columella  which  terminates  the  fruc- 
tiferous hyphse  and  the  elongated  spores  with  which  the  colu- 
mella is  covered,  he  assigned  it  a  place  amongst  Fungi, 
under  the  name  of  Phycomyces  nitens,^  But  the  existence 
of  the  sporangium,  which  envelopes  at  first  the  whole  of  the 
spores  together  with  the  columella,  appears  to  have  escaped 
his  notice.  It  consequently  did  not  occur  to  him  to  place  his 
plant  near  Mucor,  and,  on  the  contrary,  he  thought  that  it  was 
allied  to  Aspergillus.  More  recently  Berkeley  met  with  this 
organism  on  oil-casks,  and  observed  the  structure  of  the 
sporangium  previous  to  dehiscence.  The  analogy  which  it 
presents  with  that  of  Mucor  led  him  to  place  it  in  that  genus 

*  *  Synopsis  Algarum  Scandinavise/  1817,  p.  46. 

2  Species  "  Algarum,"  1823,  i,  p.  425. 

»  G.  Kunze,  *  Mykologische  Hefte,'  ii,  1823,  p.  113. 
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under  the  name  of  M.  Phycomyces}  De  Bary,  who  had  no 
better  materials  for  study  than  those  contained  in  the  herba- 
rium of  KunzG,  also  describes  it  under  Berkeley's  name.* 

The  plant  is  only  rarely  met  with.  It  does  not  appear  to 
have  been  observed  in  France  till  recently  : —  1st,  at  Toulouse, 
by  MM.  Joly  and  CIos,  on  a  rag  used  for  wiping  a  hydraulic 
machine  and  impregnated  with  oil ;  it  was  also  found  on  the 
pans  of  the  machine  itself,  on  the  oil-vessels,  and  on  the 
flooring  of  the  building;  2nd,  by  MM.  Crouan,^  in  a  candle 
manufactory  on  tallow  scum.  These  authors  have,  however, 
added  nothing  to  our  knowledge  of  this  curious  plant. 

The  circumstances  under  which  this  species  has  occurred 
has  supported  the  opinion  that  it  is  exclusively  addicted  to 
fatty  matters.  This  will  be  seen  not  to  be  the  case,  and  it 
is  this  which  explains  why  M.  Camoy,  having  met  with  it 
at  Rome  on  human  exurement  and  afterwards  cultivated  it 
on  shoes  of  orange  and  citron,  failed  to  identify  it  with  the 
plant  of  Kunze,  and  described  it  as  Mitcor  romanus,  a  new 
species.*  We  did  not  make  this  identiScation  till  after  we 
hud  long  cultivated  the  plant,  and  had  discovered  one  by  one 
the  facts  in  its  history  correctly  described  by  Carnoy. 

We  first  heard  of  it  from  a  dyer  at  Wesserling  (Alsace)  as 
a  large  kind  of  ^wcor,  which  made  its  appearance  in  acid 
cochineal  dye.  The  spores  of  the  specimen  sent  to  us  were 
sown  in  ordinary  cochineal  dye,  and  also  in  other  media,  hut 
without  any  result.  We  then  had  recourse  to  M.  Lange-Des- 
moulins  from  whom  ihe  dye  originally  came,  and  the  supply 
which  we  got  from  him,  when  placed  under  a  bell  glass  in 
the  laboratory,  developed,  in  a  few  days,  a  magnificent  crop 
of  Phycomyces.  It  was  evident  that  the  dye  from  his  estab- 
lishment was  naturally  impregnated  with  the  Phycomyces, 
since  it  developed  upon  it  in  continuous  succession,  and  it 
was  also  evident  that  success  in  its  cultivation  depended  upon 
the  freshness  of  the  spores,  which  rapidly  lose  their  power  of 
germination — a  circumstance  which  explains  the  feeble  power 
of  dissemination  possessed  by  the  plant,  as  well  as  its  rarity. 
We  soon  had  an  additional  proof  of  this.  Our  first  series  of 
cultivations,  carried  on  during  several  months,  were  inter- 
rupted by  the  vacations.  On  our  return  it  proved  impossible 
to  recommence  them.  The  spores  of  the  old  crops  had  lost 
by  a  desiccation  of  two  or  three  months  their  power  of  germi- 
nation.    The  plant  appeared  also  to  have  disappeared  from 

>  Berkeley,  'Outlinea,'  p.  38  and  407. 

3  '  Mem.  de  I'Acad.  des  Sc.  de  Toulouae,'  7  Wo.  1805. 

a  'Wonile  du  Finistere,'  1867,  p.  13. 

*  '  Bull,  de  la  Soo.  Roy.  de  Bot.  de  Belg.,'  t.  is,  1870,  p.  162,  et  seq. 
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dye  of  M.  Lange-DesmouHns.  At  length  it  made  ita 
appearance  nn  horse-dung  placed  under  a  f;Iass  shade  in  the 
laboratory,  and  its  long,  isolated  filaments  developing  at  con- 
siderable distances,  one  after  another,  proved  that  they  origi- 
nated by  tlie  germination  of  so  many  zygospores.  This 
enabled  us  to  recommence  a  second  series  of  cultivations^ 
especially  as  we  received  at  the  same  time  from  the  dye 
manufactory  a  freeh  fertile  luft  of  the  plant. 

These  facts  prove  that  Phycomycea  nitens  may  develope 
in  the  most  different  media,  oily  or  fatty,  excrementitions, 
horse-dung,  or  dyes.  The  only  necessary  condition  is  the 
presence  of  fresh  spores  or  zygospores.  It  is  seldom  met 
with,  only  because  the  asexual  spores  speedily  lose  their 
germinating  power.  Once  established  in  a  place  favorable 
for  its  complete  development,  it  is  indefinitely  perpetuated  by 
zygospores,  but  it  quickly  disappears  from  localities  where 
the  formation  of  zygospores  is  prevented. 

We  have  cultivated    Phycomycea  nitens  (1)   in   pans  on 

'  ineal  dye,  excrement,  pounded  cochineal,  oranges,  bread ; 

II  Cells  on  horse-dung  decoction,  cochineal  dje,  orange 

,  and  also  our  saline  solution,  both  with  and  without 

Spores. — The  asexual  spores  of  Phycamyccs  nitens,  which 
wiil  serve  as  our  point  of  departure,  vary  a  little  in  form 
according  as  they  belong  to  the  small  sporangia  of  young 
nycelium,  or  to  the  large  sporangia  which  terminate  the  long 
[laments  arising  from  the  adult  mycelium.  The  tirst  are 
therical  (PI,  III,  fig.  2ffl),  or  slightly  ovoid,  '016  mm.  in 
iameter;  their  centre  is  intensely  yellow  and  granular; 
iheir  coat,  on  the  contrary,  and  the  peripheral  portion  of  their 
protoplasm  colourless  and  homogeneous.  The  others  are  of 
a  very  elongated  ellipBoidal  form,  often  flattened,  or  even 
concave  upon  one  of  their  sides,  with  a  transverse  diameter  a 
little  less  than  that  of  the  preceding  ones,  that  is  to  say,  '018 
to  -015  mm.;  they  attain  a  length  of  020  to  030  mm.  (fig, 
2i);  their  central  yellow  matter  forms  an  axile  granular 
band.  It  is,  therefore,  to  the  protoplasm  of  their  spores  that 
the  sporangia  owe  the  gold  en- ye  How  colour  which  they  possess 
as  long  as  their  coat  remains  transparent  and  colourless.  As 
long  as  the  spore  is  young  its  membrane  has  no  distinct  in- 
ternal lining  of  protoplasm;  later  on  it  separates,  and  acquires 
a  double  contour  ;  at  the  same  time  the  protoplasm  becomes 
more  granular  {fig.  2c). 

Placed  in  a  moist  medium,  but  in  conditions  which  pre- 
clude their  development,  the  spores  alter ;  the  protoplasm 
exhibits  granules  which  become  larger  and  larger,  and  finally 
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the  conjugating  cells  a  aeries  of  repeatedly  dichotomoas 
processes  (tigs.  11,  12,  13).  These  processes  appear  in  the 
first  place  upon  one  only  of  the  arruate  cells,  and  io  succes- 
sive order.  The  first  makes  its  appearance  above  upon  the 
convex  side;  the  succeeding  ones  to  the  right  and  left  in 
descending  order:  the  last  is  in  the  concavily  underneath 
(figs.  7  and  B).  It  is  only  after  the  development  of  this  that 
the  first  process  makes  its  appearance  above  upon  the  other 
cell  (fig.  9),  followed  by  the  others  in  the  same  order.  The 
processes  grow  and  dichotomise  in  the  same  order  in  which 
they  are  developed. 

The  first  dichotomy  always  takes  place  in  the  plane,  passing 
through  the  point  of  dichotomy  as  well  as  the  line  join* 
ing  the  centres  of  the  conjugated  cells  (figs.  9,  lOJ; 
the  others  follow  in  planes  alternately  at  right  angles 
with  one  another.  The  two  branches  of  the  first  dicho- 
tomy are  slightly  unequal ;  that  which  is  situated  next  the 
zygospore  is  the  most  developed,  and  lying  upon  it  dicho- 
tomises again  repeatedly,  interlacing  its  branches  so  as 
to  envelope  and  protect  the  zygospore.  These  dichotomous  pro- 
cesses are  nothing  more  than  branches  of  the  arcuate  cells  ; 
in  fact,  when  the  "  vice"  is  arrested  in  its  development,  it  is 
not  unusual  to  see  one  or  more  of  the  processes  already  formed 
develope  into  ordinary  mycelial  hyphse  (fig.  14).  During 
all  these  changes,  while  the  zjgospore  enlarges,  the  wall  of 
the  arcuate  cells  becomes  coloured  brown.  This  coloration 
is  more  marked  on  the  convex  siile,  and  it  shows  itself  first 
in  the  cell  on  which  are  produced  the  first  dichotomous 
branches  and  which  long  retains  a  darker  tint  than  the  other. 
The  zone  of  origin  of  the  processes  and  the  processes  them- 
selves have  their  wall  of  a  deep  black,  while  the  walls  of 
the  conjugated  cells  which  continue  to  clothe  the  zygospore 
during  the  whole  period  of  its  development  is  itself  a  bluish- 
black  (figs.  11,  13),  When  its  development  is  complete  the 
zygospore  may  attain  ^  mm.,  but  many  occur  which  are  much 
smaller.  It  is  more  developed  on  its  external  than  upon  its 
internal  side,  and  its  lateral  faces  by  which  it  is  attached  to 
the  teeth  of  the  vice  are  slightly  inclined  one  to  the  other, 
which  is  the  result  of  the  curvature  of  the  primary  cells.  By 
pressure  the  black,  thin,  and  brittle  coat  which  envelopes  the 
zygospore  is  ruptured,  and  the  coat  of  the  zygospore  itself  is 
exposed  as  a  thick,  cartilaginous  membrane  studded  by  large 
irregular  protuberances.  The  contained  protoplasm,  like  that 
ofallzygosporesjisveryrich  in  fatty  matters.  The  dichotomous 
processes  which  interlace  their  branches  round  the  zygospore 
as  if  to  protect  it  distinguish  the  reproductive  apparatus  of 
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Phycomyces  nitens  from  all  others  which  arc  at  present  known. 
The  previous  connection  of  the  two  conjugating  hypha^  and 
their  terminal  curvature  in  the  form  of  a  vice  grasping  the 
zygospore  can  only  he  compared  with  the  arrangement  in 
FipfocephcUis  which  Brefeld  has  made  us  acquainted  with. 

The  mode  in  which  the  processes  are  developed  indicates 
that  there  is  a  difference  in  the  age  and  properties  of  the  two 
teeth  of  the  vice,  similar  as  they  appear  in  other  respects^  and 
similar  as  are  the  conjugating  cells.  We  may  trace  in  this 
dissimilarity  a  first  step  in  the  differentiation  of  the  two  ele- 
ments whose  union  forms  the  germ-cell,  an  indication  as  yet 
feebly  marked,  but  still  very  distinct,  of  sexuality  in  the 
process  of  conjugation. 

We  have  not  yet  succeeded  in  making  these  zygospores 
germinate ;  but  it  is  probable  that  the  process  is  similar  to 
what  takes  place  in  the  case  of  zygospores  of  which  we  know 
the  mode  of  germination,  especially  those  of  Mucor  fusxger 
and  M,  Mucedo.  We  were  the  first  to  describe  the  zygospores 
of  this  last  plant.^  A  short  time  after  we  discovered  tfieir  mode 
of  germination.  Brefeld  has  also  recently  figured  and  described 
these  organs  and  their  germination.'  We  shall  not  touch  on 
this  point,  therefore,  except  to  detail  some  new  observations. 
The  black  membrane,  which  is  generally  regarded  as  belong- 
ing to  the  zygospore,  of  which  it  forms  the  exospore,  is  really 
absolutely  foreign  to  it,  since  it  is  nothing  more  than  the 
original  cell- walls  of  the  cells  which  have  conjugated.  This 
black  membrane  ruptures  in  germination.  The  thick,  black, 
cartilaginous,  colourless,  tubercular  coat  splits  also  on  one 
side,  and  its  delicate  internal  coat  elongates  itself  externally 
as  a  tube  which  is  filled  with  protoplasm  and  oil-drops ;  it 
is  covered  in  its  lower  third  with  granules  of  calcium  oxa» 
late,  while  it  is  smooth  higher  up ;  it  attains  a  height  of 
three  centimetres,  and  terminates  in  an  ordinary  sporan- 
gium. Thus,  the  zygospore  produces  directly,  not  a  myce- 
lium, but  an  asexual  reproductive  apparatus.  The  axis  of 
this  apparatus — that  is  to  say,  the  axis  of  growth  of  the  new 
individual  plant,  is  perpendicular  to  the  line  joining  tho 
centres  of  the  two  conjugating  cells — that  is,  to  the  coales- 
cent  axes  of  growth  of  the  two  sexual  branches.  In  the 
zygospore,  therefore,  the  protoplasm  has,  so  to  speak,  a 
polarity  {estoriente)^  the  direction  of  which  is  at  right  angles 
to  the  line  joining  the  centres  of  the  two  conjugating  masses 
of  protoplasm,  or  oospheres.  It  is  also  probable  that  each 
oosphere  is  polarised  in  a  direction  at  right  angles  to  the 

>  *  Comptea  Rendus/  Ap.  8, 1872,  vol.  Ixxiv,  p.  1000. 
'  *  Bot.  Unt.  ttb.  Schimmelpilze,'  p.  31,  pi.  ii. 
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axis  of  growth  of  the  conjugating  cell,  from  which  it  is  pro- 
duced. The  two  oospheres  have  their  axes  parallel  and 
consequently  when  fused  produce  a  zygospore  whose  axis 
preserves  the  same  direction.  In  this  change  of  direction  in 
the  axis  of  the  new  individual  we  find  an  additional  analogy 
with  the  sexual  process  in  Algse. 

Usually,  the  amount  of  nutriment  stored  up  in  the  zygo- 
spores is  exhausted  hy  the  formation  of  the  terminal  sporan- 
gium, and  this  is  the  only  case  described  by  Hrefeld  ;  but  in 
the  germinations  which  we  have  watched  ourselves  we  have 
often  seen  the  formation  of  a  partition  at  about  one  third  of 
the  length  of  the  principal  filament  from  its  base,  and  below 
this  partition  a  strong  branch  given  off,  which  is  also  termi- 
nated by  a  large  sporangium.  In  one  instance  this  branch 
also  exhibited  near  its  base  a  partition  beneath  which  a 
small  branch  was  given  off,  terminated  by  a  small  sporangium 
with  very  few  spores  and  a  minute  columella. 

Contrary  to  the  opinion  of  Berkeley  and  De  Bai-y,  we  regard 
this  plant  as  belonging  to  a  distinct  genus.  Its  partly  aerial 
mycelium,  the  mode  of  origin  of  the  fructiferous  hyphffi  in 
groups  with  tufts  of  rootlets,  the  remarkable  colouration  of  the 
protoplasm  of  the  spores  and  of  the  wall  of  the  fructiferous 
hypha,  and  above  all  the  curious  vice-like  arrangement  of  its 
reproductive  apparatus  and  the  dichotomous  processes  with 
which  it  surrounds  the  zygospore,  are  characters  which  are 
not  met  with  in  any  species  of  Mucor.  A  similar  sexual 
apparatus  only  occurs  in  Piptocephalis  which  is  remotely 
allied  to  Mucor  ;  and  the  dichotomous  processes  have  not  at 
present  been  detected  in  any  others  of  the  group.  From  ail 
these  points  of  view  this  plant  merits  a  generic  rank. 

Brefeld  has  proceeded  hastily  in  following  De  Bary  and 
Woronin  and  in  reducing  all  the  types  of  Mucormi  to  the 
two  genera  Mucor  and  Piloholus.  It  is  true  that  Chcetocla- 
dium  and  Piptocepkalts,  which  he  holds  to  be  distinct,  are, 
according  to  him,  not  Mucorini  at  all.  But  in  this  we 
ourselves  believe  that  he  is  mistaken. 


Thamnidixjm. 
_  Link  described  in  1816  under  the  name  of  Thamnidium 
Mucorinious  fungus  of  which  the  principal 
fructiferous  hypha  terminated  in  a  large  sporangium,  with 
a  columella  similar  to  that  of  Mucor,  and  which  produced 
laterally  numerous  repeatedly  dichotomous  branches,  of 
which  the  final  ramifications,  according  to  him,  bore  spores.' 
'  Link, '  Obsew.  in  Ocd.  Nat.  Plant.  Dissert,,'  i. 
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-Fries,  only  regarding  tbis  production  of  lateral  spores  as  a 
-Bpecific  character,  placed  the  plant  ia  the  genus  Mucor  under 
the  name  of  M.  elegatis}  But  Corda  showed  suhseqiientiy 
that  the  reproductive  lateral  organs  are  not  spores,  but  small 
sporangia  destitute  of  a  columella  and  containing  four  spores 
similar  to  those  of  the  terminal  sporangium, °  Like  Fries  he 
only  regarded  this  system  of  small  lateral  sporanges  as  a 
specific  character,  and  as  the  terminal  sporange  exhibited 
all  the  characters  of  his  Ascophora  Mucedo,  he  placed  the 
plant  next  to  it  as  A.  elegans. 

However,  Eschweiler  had  long  previously  described  and 
figured  under  the  name  of  Melidium  sublerraneum  a  dicho- 
tomous  fructification  with  small  sporangia  destitute  of  a 
columella  and  containing  a  small  number  of  spores,  usually 
four.  This  is  identical  with  the  dichotomous  lateral  system 
of  Link's  Thamnidium,  of  which  Corda  ascertained  thetrue 
nature,  and  which,  as  we  now  know,  may  occur  isolated  and 
deprived  of  its  large  terminal  sporangium.  The  observations 
of  Link  and  Eschweiler  relate  to  one  and  the  same  plant, 
and  mutually  complete  one  another. 

De  Bary  and  Woronin,*  going  further  than  Fries  and 
Corda,  have  asserted  the  identity  of  the  terminal  sporangium 
of  TJtamnidium  with  that  of  Mucor.  According  to  their 
view  the  dichotomous  system  of  small  spores  is  a  reproductive 
structure  which  belongs  to  Mucor  Mucedo,  but  which  only 
appears  on  the  ordinary  filaments  of  this  plant  under  certain 
conditions.  At  the  commencement  of  our  researches  we  had 
at  first  adopted  this  view,  but  we  soon  found  that  the  supposed 
identity  of  the  large  terminal  sporangia  in  the  two  plants 
was  an  error,  and  that  Tliamnidium  is  a  perfectly  autonomous 
species. 

It  will  not  be  necessary  to  describe  here  in  detail  the 
mature  fructification;  an  erect  filament,  which  may  attain 
five  or  six  cm.  in  height,  terminates  by  a  large  sporangium 
with  a  columella,  and  produces,  laterally,  one  or  more  tiers 
of  isolated  or  whorled  dichotomous  branches,  the  ultimate 
ramifications  of  which  have  small  sporangia  destitute  of 
columella.  This  is  not,  however,  the  only  form  met  with 
in  pan  cultivations.  Simple  and  naked  filaments  terminating 
in  a  large  sporangium  are  also  met  with  as  well  as  filaments 
equally  simple,  but  ending  in  dichotomous  fructification  with 
small  sporangia,  Melidium  Eschw.  (fig.  18,  a — k).    I^ater  on 

'  Friea,  •  Svalcma,'  i,  183. 

'  Corda.  '  Iconea  Fiingorum,'  iii  (1840),  p.  14. 

"    ■,  '  De  Frnclif.  een-  Rhizomorphce,  Comm.  Elberfeld,'  1883.  ! 
'Beitrag.  z.  Morpli.  und  Plijs.  der  EUbb,'  ii  (1866),  p.  16. 
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the  first  may  produce  Bim pie  lateral  branches  with  a  large  h^-*- 
rangium ;  the  second  may  also  give  rise  to  new  lateral  branchea, 
but  these  are  diehotomous  and  hear  small  sporangia. 

Thus,  in  pan  cultivation  we  may  meet  with  one  or  other 
of  the  two  forms  of  sporangia,  either  exclusively  or  both 
togetherin  different  regions  of  the  mycelium,  and  the  spore- 
bearing  systems  will  be  accordingly  either  homogeneous  or 
heterogeneous.  When  both  kinds  of  sporangia  occur  on  the 
Game  hypha  somelinies  the  large  sporangium  is  borne  on  the 
summit,  and  the  small  sporangia  laterally  j  and  this  is  the 
most  common  combination,  but  sometimes  it  is  the  reverse. 
The  hypha  terminated  by  a  tuft  of  small  sporangia  bears 
a  lateral  branch  with  a  large  sporangium.  The  two  arrange- 
ments may  even  occur  successively  in  the  same  complex 
system;  an  erect  hypha  with  a  large  sporangium  bears  a 
horizontal  branch  terminated  by  a  dicholomous  tuft;  this 
produces  in  its  turn  an  oblique  lateral  branch  terminated  by 
a  large  sporangium,  which  in  its  turn  produces  a  lateral 
branch  with  small  sporangia  (fig.  18,  i). 

The  two  forms  of  sporangium  are  always  sharply  dis- 
tinguishable. The  large  sporangium  is  always  borne  by  a 
simple  hyplia,  and  has  a  large  columella,  a  wall  incrusted 
with  granules  and  fine  spicules  of  calcium  oxalate  which 
becomes  diffluent  in  water,  dispersing  the  granules  and 
spicules  and  a  large  number  of  spores  which  in  this  way  are 
disseminated.  The  small  sporangia  are  always  produced  by 
dicbotomous  hyphse.  Their  short  and  very  fragile  pedicels 
are  separated  from  their  cavity  by  a  partition,  which  is  fiat 
or  only  slightly  curved ;  their  wall  is  also  studded  with  more 
or  less  prominent  granules  of  calcium  oxalate,  but  is  not 
soluble  m  water  ;  their  spores  arc  usually  four  in  number, 
but  may  be  as  many  as  six,  eight,  or  ten,  or  as  few  as  three 
or  two,  or  even  be  reduced  to  one  filling  the  whole  spo- 
rangium. It  is  by  the  falling  off  of  these  sporangia  and  the 
final  rupture  of  the  membrane  that  the  spores  are  set  free. 
Whether  produced  by  a  large  or  a  small  sporangium  the 
spores  are  in  all  other  respects  similar  ;  they  are  homogeneous, 
colourless,  or  bluish,  oval,  about  '008  to  ■010  mm.  in  length, 
and  -006  to  '008  mm.  in  breadth. 

When  the  sporangium  contains  only  a  single  spore,  which 
occasionally  happens  almost  exclusively  over  a  large  extent 
of  the  crop,  the  spore  is  spherical,  intimately  applied  to  the 
membrane  of  the  sporangium,  from  which  it  is  distinguished 
■with  difficulty  (fig.  1^0),  but  from  which  it  can  be  freed  by 
pressure ;  it  measures  often  'OlS  mm.  in  diameter,  but  it  may 
rary  from  "008  mm.  to  '016  mm.     It  is  probable  that  it  ia 
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ftonder  this  form  that  Thamnidium  was  discovered  by  Liok,^ 
Eivhich  explains  how  this  author  came  to  describe  the  epo- 
naiigia  as  spoTes. 

I  CelUculiure  has  shown  that,  on  the  first  appearance  of  the 
Bmyceliuin,  there  are  innumerable  transitions  between  the  two 
■iJbriDS  of  sporangia  sown  in  a  cell  |  in  ordinary  water  the 
B^wres  did  not  germinate;  in  the  saline  solution,  on  the 
■contrary,  they  germinated,  but  their  hypha:  speedily  became 
B empty,  owing  to  the  protoplasm  concentrating  itself  at 
■certain  points  and  forming  isolated  chlamydospores,  but  not 
F producing  fructification.    In  hurse-dung  decoction  and  orange 

juice,  on  the  contrary,  it  succeeds  well. 

The    oval    spore    at  first  svrella,   becomes    spherical,  and 

continues  to  increase  for  some  time  ;  then,  without  the  least 

» trace  of  a  ruptured  exospore,  it  puts  out  one  or  two  hyphff, 
which  ramify  progressively,  and  form  here  and  there  on  its 
principal  ramifications  attenuated  branches,  divided  into 
tufts  of  radicles,  and  separated  from  the  main  branch  by  a 
partition  near  their  base.  After  forty-eight  hours  the 
mycelium  thus  formed  has  produced  in  the  air  within  the 
cell  a  large  number  of  erect  sporangiferous  branches.  They 
bear  sometimes  a  single  sporangium,  variable  in  size  (fig.  18, 
a.  g),  spores  of  which  may,  if  the  nutrition  be  insufiicient,  be  J 
reduced  to  two  or  even  a  single  one,  sometimes  two  or  three,^ 
or  four  to  thirty-two  or  more  sporangia  (fig.  18,  b,  c,  d,  e).    ^ 

In  proportion  as  the  dichotomy  increases,  the  size  of 
the  sporangia  and  the  extent  to  which  their  septum 
bulges  inwards  decrease,  and  finally  they  only  have  four 
spores.  The  earliest  fructification  produced  by  the  young 
mycelium  presents  all  possible  transitions  between  the  two 
kiuds  of  hyphfe'and  sporangia.  Amongst  these  transitions 
small  sporangia  without  a  columella  terminate  simple  hyphte, 
and  large  sporangia  with  a  distinct  columella  terminate 
dichotomies,  in  which  case  the  spores  are  often  very  unequal 
in  size ;  and  all  these  transitions  occur  not  only  on  a 
myceliurn,  which  is  the  product  of  numerous  spores,  but  even 
upon  that  which  is  derived  from  a  single  one.  One  branch  of 
a  mycelial  hypha,  for  example  (fig,  19),  will  produce  a  single 
large  sporangium,  while  another  will  terminate  in  a  system 
three  times  dichotomons  with  eight  moderate -sized  spo- 
rangia. 

We  have  also  observed  on  the  branched  hyphte  horizontal 
branches,  usually  also  dichotomoua,  develope  with  or  without 
a  septum,  and  bearing  sporangia  both  smaller  and  more 
numerous  than  those  of  the  terminal  dichwlomy  (fig.  19) .  In 
■uel^  cases  it  often  happens  that  when  the  sporangia  of  the 
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terminal  dichotomy  contain  sixteen  sporee,  those  of  these 
secondary  lateral  ones  will  only  contain  a  single  spherical 
spore  of  from -005  to  006  mm.  These  spores,  in  germinating, 
either  rupture  the  closely-applied  sporangium  (fig.  20)  or  the 
spore  pierces  its  wall,  elongating  directly  into  a  hypha,  and 
leaving  its  hasal  portion  enclosed. 

It  is  important  to  remark  that  in  our  cell-culture  the  fruc- 
tification was  often  exclusively  composed  of  dichotomous 
hyphie  with  small  sporangia,  without  a  trace  of  the  large 
hyphffi  hearing  a  single  sporangium. 

We  have  also  observed  the  germination  of  the  spores  of 
TliamnidiuTn  in  a  layer  of  a  nutritive  liquid,  such  as  orange 
juice,  BO  arranged  as  to  prevent,  as  far  as  posssible,  the  access 
of  air,  and  to  prevent  the  plant  from  fruiting.  Under  these 
conditions  the  spores  absorh  nutriment  and  swell  into  large 
homogeneous  spheres,  which,  by  a  process  of  gemmation,  pro- 
duce more  or  less  irregular  chains  of  sphterous  cells.  When 
the  mycelium  is  subjected  to  the  same  treatment  the  bypli^ 
form  also  at  their  extremities  chains  of  irregular  joints,  in 
which  the  protoplasm  temporarily  condenses,  and  which  are 
an  approach,  therefore,  to  chlamydospores.  Under  the  same 
conditions  we  have  also  seen  short  branches  of  the  hyphaa 
swell  at  intervals,  often  at  their  extremities,  into  large 
spheres,  with  granular  walls,  and  containing  protoplasm 
filled  with  large  vacuoles. 

We  have  not  as  yet  detected  the  zygospores  of  Tham~ 
nidium,  ^m 


Ch^tosttlcm. 

Fresenius  in  searching  for  Thamnidium.  discovered  two 
other  Mucorini.  One  is  Piptocephalis  Freseniana  of  De 
Eary;  the  other  is  the  plant  to  which  we  have  now  given 
the  name  of  Cheetostylum  Fresenii}  Fresenius  believed  it  to 
be  arepiodiictive  system  belonging  to  Mucor  Mucedo.  It  is 
also  very  probable  that  it  is  identical  with  the  reproductive 
system  ascribed  by  Klein  to  the  same  plant,  and  named  by 
him  Bulbotkamnidium  elegans} 

CktBtoslylum  occurs  mixed  with  Cheetocladium  upon  horse- 
dung,  and  closely  resembles  it  in  appearance.  It  differs, 
however,  in  having  a  strictly  definite  instead  of  indefinite 
mode  of  growth.  It  is  heterosporangioua,  like  Thamnidium, 
and  may  have  large  sporangia  with  a  columella,  and  a  difflu- 
ent wall,  terminating  simple  and  vertical  hyphcc,  or  small 
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caducous  sporangioles  destitute  of  a  columella.  All  the 
branches  except  those  which  bear  the  sporangioles  terminate 
in  a  point  and  the  branches  of  each  successive  order^  which 
are  shorter  than  those  of  the  preceding^  are  placed  in  a  kind 
of  false  verticil  on  a  more  or  less  swollen  dilatation  (fig.  SI). 
Whatever  the  size  of  the  sporangium  the  spores  are  always 
nearly  uniform.  They  are  colourless  or  slightly  bluish,  oval, 
and  '008  mm.  in  length,  by  '005  in  breadth. 

Ch-ktocladium. 

The  type  of  this  genus  was  first  described  by  Berkeley  and 
Broome  as  Botrytis  Jonesii}  This  was  erected  into  a  genus 
by  Fresenius,  who  called  it  ChtBtocladium  Jonesii}  Quite 
recently  it  has  been  studied  by  De  Bary  and  Woronin.'  At 
first,  we  ourselves  accepted  the  conclusion  arrived  at  by  these 
latter  writers,  that  Chatocladium  belonged  to  the  cycle  of 
Mucor  Mucedof" 

ChcBtocladium  Jonesii. — By  sowing,  unmixed  with  other 
spores,  in  a  drop  of  orange  juice  or  decoction,  in  a  cell,  a 
small  number  of  the  reproductive  bodies  of  this  species,  or 
better  still,  a  single  one,  and  by  watching  from  hour  to  hour 
its  development,  it  is  easily  proved  that  the  reproductive 
bodies  of  Chatocladium  Jonesii,  regarded  hitherto  as  simple 
acrogenous  spores,  such  as  those  of  Botrytis,  are  really  small 
caducous  sporangia,  containing  only  a  single  spore,  like  those 
of  Helicostylum,  Thamnidium,  Chcetostylum,  in  fact,  that 
Chcetocladium  Jonesii  is  perfectly  independent  of  Mucor 
Mucedo,  or  of  any  of  the  Mucorini,  either  as  a  reproductive 
system  or  as  a  parasite. 

These  reproductive  bodies  (fig.  22),  when  detached  from 
the  plant  at  their  maturity,  are  a  more  or  less  slaty  blue. 
Their  external  surface  bristles  with  calcareous  granules, 
more  or  less  developed,  which  have  not  escaped  the  observa- 
tion of  Berkeley  and  Broome,  and  a  small  portion  of  the 
broken  pedicel  is  sometimes  still  attached  (fig.  23,  a).  It  is 
not  rare  to  find  an  external  membrane  distinguishable  from  an 
internal  spherical  body,  since  the  spore  does  not  in  this 
case  completely  fill  the  cavity  of  the  sporange ;  but  it  is 
frequently  difficult  to  observe  this,  from  the  spore  being 
everywhere  in  intimate  contact  with  the  inner  wall  of  the 
sporangium ;  this  is  also  the  case  with  the  monosporic  spo- 

>  'Ann.  and  Mag.  Nat.  Hist.,'  2ad  ser.,  1854,  xiii,  pL  15. 
3  *  Beitr.  z.  Mykol.,'  1863,  p.  97. 

»  *  Beitr.  z.  Morph.  u.  Phys.  der  Pilze,'  2nd  ser.,  1866,  pi.  18. 
*  «Comptes  Rendus,'  Ap.  8, 1872. 
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rangioles  of  T/tamnidtum.  By  pressure  the  thin  granular, 
brittle,  and  greyish  membrane  of  the  sporangiole  is  easily 
broken,  and  the  smoolh,  often  dark  si  ate -coloured  spore  is 
extruded  (fig.  23,  6).  But  germination  affords  the  most  con- 
vincing proof  of  the  sporangial  nature  of  the  reproductive 
body. 

A  fruiting  branch  of  Chwtocladium  Jonesii,  terminating  in 
a  point,  and  bearing  upon  its  middle  dilatation  eight  ripe 
reproductive  bodies,  still  attached  to  their  pedicels,  is  placed 
in  a  drop  of  orange-juice  in  a  cell.  Seven  hours  afterwards 
the  esternal  membrane  is  ruptured,  and  the  contained  spore 
either  completely  (fig.  23,  cc)  or  partially  (rf)  extruded,  re- 
quiring in  the  latter  case  a  little  manipulation  to  detach  it 
from  the  sporangiferous  branch.  The  spores  now  change 
colour,  and  gradually  swell  to  three  or  four  times  their 
original  diameter  without,  however,  changing  form ;  a 
large  vacuole  occupies  its  centre  (fig.  24,  a).  They  then 
become  oval,  and  afterwards  form  projecting  angles  (6,  c,  d), 
which  develope  into  short  stout  tubes,  spreading  in  all 
directions  and  dividing  immediately  into  close  or  palmate 
dichotomies  (fig.  24,  e  to  fig.  27),  and  forming  a  small  mass 
of  mycelium,  which  grows  slowly  by  additions  to  its  peri- 
phery, attaining  sometimes  the  size  of  a  pin's  head.  No  long 
diffuse  branching  mycelium  with  radicles  is  formed,  as  in 
Mucor,  where  the  mode  of  germination  is  altogether  differ- 
ent. This  enables  us  to  detect  as  early  as  the  second  day 
an  accidental  admixture  in  our  cell-culture  of  Mucor  spores. 

It  is  not  till  tliree  or  sometimes  four  days  from  the  time 
of  sowing  the  spores  that  branches  of  these  white  mycelial 
masses  erect  themselves  into  the  air  to  ramify  in  all  direc- 
tions. These  long  aerial  hyphte  bear  laterally  either  singly 
or  in  verticils  of  two  or  three  branches,  wliich  terminate  in 
a  point,  and  which  bear  in  turn  at  about  their  middle  two 
or  three  shorter  pointed  branches.  These  last  bear  on  a 
Bwellingat  their  middle,  a  small  number  of  slender  simple,  or 
sometimes  dichotomous  pedicles,  each  terminated  by  a  mono- 
sporic  dark  slate-coloured  granular  spoiange,  and  measuring 
•006  to  "008  mm.  in  diameter  (fig.  32).  As  the  fructification 
develops,  the  protoplasm,  slowly  accumulated  at  first  in  the 
large  radiating  mycelial  hyphce  is  used  up,  and  the  hyphee 
become  empty.  At  the  same  time  the  extremities  of  some  of 
them  abruptly  taper  off,  while  others  become  enormously 
inflated  into  large  balloon-like  bodies,  with  a  granular  sur- 
face, and  often  prolonged  into  a  point  (fig.  28,  a,  b).  But  we 
have  never  detected  chlamydospores. 

This  is  the  uniform  course  of  development  in  Cktetodadtum 
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^^Ktusti,  which    cannot    therefore    be    noimally   parasitic  on 
^^Jtvcor.    Inasmuch  also  aa  it  reproduces  itself  for  an  indefi- 
nite number  of  generations,  it   can  have  no  genetic    bond 
either  with  Mucor  Mucedo,  or  any  other  of  the  Mucorini. 

The  aerial  sporangiferous  hyphte  of  Ckatoclatiium,  like 
those  of  CircineSa  and  Rhizopus,  have  an  indefinite  growth 
after  the  fashion  of  a  liane.'  But  it  is  not  rare  to  find  one  of 
the  vegetative  hyphse  put  out  laterally  a  short  and  thick 
branch,  which  frequently  divides  repeatedly  dichotoniously, 
ant!  forms  a  white  tuhercle  tangent  to  the  hypha  or  even 
enveloping  it  entirely.  These  tubercles  or  mycelial  masses 
are  altogether  simiiar  to  those  which  proceed  fiom  the  germi- 
nation of  the  spores.  Some  of  their  branches  may  be  pro- 
longed into  the  air  as  new,  fructiferoua,  iiidefiiiite  byphse. 
They  are,  perhaps,  homologous  with  the  tufts  of  radicles 
which  develope  on  the  aerial  indefinite  hypbtc  of  AAtsc^ujt, 
and  are  the  point  of  origin  of  new  fructifications. 

Sometimes  it  happens  that  the  mycelial  mass  resulting 
from  germination  is  very  much  reduced;  the  spore  puts  out 
five  or  six  palmate  tubes,  one  of  which  immediately  raises 
itself  in  the  air  and  becomes  covered  with  fructification,  while 
(he  others  are  like  the  fingers  of  a  glove,  and  terminate  at  a 
short  distance  from  the  spore.  In  this  case  the  submerged 
mycelium  is  a  mere  base  of  support  for  the  aerial  hypha,  pro- 
ducing fructification. 

Besides  sowing  the  pure  spores  of  Chatocladtum  JonesU, 
we  sowed  them  mixed  with  those  of  Mucor  Mucedo.  The 
mycelia  of  ibe  two  species  so  difierent  in  their  characters, 
the  one  condensed  into  masses,  the  other  diffuse,  vegetated 
as  if  they  were  independent,  and  without  forming  any 
attachment  the  one  to  the  other.  The  first  put  out  its  more 
slender  branching  sporangiferous  hyphee,  the  other  its  simple 
ones,  but  wherever  a  hypha  of  Ch<etociadium  came  in  contact 
in  the  air  with  one  of  Mucor,  an  intimate  adhesion  took 
place,  and  at  the  point  of  contact  the  filament  of  C/iatociadiutn 
put  out  large  branching  processes,  which,  becoming  felted 
together,  farmed  round  the  two  hyphte  a  large  white  tuhercle, 
from  which  new  ftuit-beariug  filaments  of  Cheetocladium 
originated.  If  the  hypha  of  Mucor  is  very  young  and  still 
in  process  of  elongation  when  thus  attacked,  it  ceases  to 
develope,  but  if  its  protoplasm  has  already  accumulated  in 
its  terminal  dilatation  it  produces  a  sporangium,  and  forms 
and  ripens  its  spores. 

'  Bometimes  dpgracltd  forms  whicli  i 
growlli  are  produced  in  liquids,  aach  at 
inBufficientlj  nutriiive  (fig.  37,  a — I). 
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The  Chaiocladium  grows  in  the  air  amongst  the  tall,  rigid 
hyphsB  of  Mucor  like  parasitic  lianes  among  trees.  But  the 
plant  is  not,  strictly  speaking,  parasitic,  tliough  it  can  live 
paraaitically  and  becomes  more  vigorous  when  it  does  so. 

It  is  necessary  in  growing  the  two  plants  together  to  avoid 
sowing  too  large  a  number  of  spores  of  Mucor.  These  ger- 
minate Eooner  than  the  others  and  if  present  in  any  quantity 
completely  suppress  their  growth  leading  to  the  belief  held  at 
first  by  ourselves,  as  well  as  by  De  Bary  and  Woroniii  of  an 
imaginary  transformation  of  the  CheEtocladium  into  the 
Mueor. 

Cheetooladium  Brefeldti. — We  have  given  this  name  to  a 
species  very  similar  to  the  preceding,  but  more  slender  in  all 
its  parts,  and  which  differs  from  it  by  its  bluish  sporangia, 
which  are  much  smaller,  being  only  from  "003  to  '005  mm, 
We  believe  it  to  be  ideniical  with  that  studied  by  Brefeld, 
and  of  which  he  obtained  zygospores. 

Brefeld  believes  that  the  reproductive  bodies  of  this  species 
are  simple  naked  conidia,  and  that  it  is  parasitic  on  Mueor 
Mucedo  and  Rhizopus  nigricans.  He  deduces  this  parasitism 
from  two  supposed  facta — (1)  that  it  fails  to  develop,  either 
alone  or  associated  with  any  other  of  the  Mucorini;  (9)  if,  on 
the  contrary,  it  ia  associated  with  these  species,  it  attaches 
itself  to  them  and  develops  and  fruits  abundantly. 

To  test  Brefeld's  observation,  we  traced  the  result  of  the 
cell-culture  in  a  drop  of  orange  juice  of  a  single  reproductive 
body.  It  measured  '0035  mm. ;  six  to  eight  hours  after  it 
was  sown  a  large  crack  formed  in  its  external  membrane, 
and  a  bluish  spherical  spore  escaped.  The  empty  membrane 
is  often  hyaline,  slightly  greyish,  and  sometimes  finely 
granular;  it  is  thinner  than  in  Ck.  Jonesii,  and  soon  under- 
goes solution  in  the  liquid.  The  existence  of  this  membrane 
from  which  the  spore  escapes  in  germination  proves  that  the 
reproductive  body  must  be  regarded  as  a  monosporic  sporan- 
gium, and  not,  as  Brefeld  thought,  as  a  spore. 

The  spore  now  swells  to  many  times  its  original  size,  while 
still  remaining  spherical,  and  puts  out  one  or  two  hyphas, 
which  elongate,  ramifying  in  a  fan-like  manner.  The 
branches  are  at  first  destitute  of  lateral  ramifications,  but 
later  they  develop  as  they  lengthen  lateral  protuberances 
and,  subsequently,  short  and  hooked  branches,  which  are 
simple  or  again  ramified.  These  lateral  processes  are  quite 
different  from  the  radicular  filaments  of  the  mycelial  filaments 
of  Mucor;  they  are  never,  like  those,  separated  from  the  prin- 
cipal hypha  by  a  basal  partition  (fig.  29).  This  production 
iu  germination  of  one  or  two  elongated  byphse,  the  branches 


rKssarcbbs  on  TBX  MrCOKtKI. 


75 


f  which  gradually  diverge  and  are  studded  with  hooked 
hranchlets,  gives  a  habit  altogether  different  from  that  of  CA. 
Jonesii,  and  supplies,  perhaps,  the  best  proof  of  the  specific 
difference  of  the  two  plants. 

This  diffuse  mycelium,  the  offspring  of  a  single  spore, 
spreads  itself  in  four  days,  little  by  little,  through  the  wliola 
drop,  passes  its  borders,  and  extends  over  the  covering-glasa 
and  covers  a  circular  space  5-6  mm.  in  diameter.  On  the 
fourth  day  a  few  of  the  principal  hypha;  exhibit  a  few  trans- 
verse septa.  The  6fih  day,  the  extremities  of  the  hyphte 
which'  occupy  the  periphery  of  the  drop  put  out  slender 
branches  into  the  air  of  the  <!e1l.  OccaBionally,  these  aerial 
prolongations  may  be  the  ends  of  the  hyphse  themselves,  but 
more  usually  they  are  a  development  of  one  of  the  branches 
of  a  lateral  process  (tigs.  30,  31].  In  this  case  the  other 
branches  of  the  process  grow,  and,  becoming  felted  together, 
form  a  more  or  less  complicated  mass  investing  its  base.  Od 
the  sixth  day  a  large  number  of  these  aerial  filaments  bear 
on  lateral  branches  groups  of  bluish  monosporic  sporangia 
(figs.  SO,  82). 

Cultures  of  this  kind  often  repeated  prove  that  Cliato- 
claditan  Brefeldii  may  be  perfectly  autonomous,  and  Brefeld'a 
failure  attributable  to  many  causes,  possibly  amongst  others 
to  an  unfavorable  medium,  is  not  conclusive. 

When  the  spores  of  Ch.  Brefeldii  are  mixed  with  those  of 
Mucor  Mucedo,  wherever  the  apex  of  a  branch  of  one  of  the 
lateral  processes  of  a  hypha  of  the  former  comes  in  contact 
with  any  part  of  a  hypha  of  the  latter,  it  forms  an  intimate 
Btlachtneut,  and  finally,  by  the  absorplion  of  the  intervening 
walls  a  complete  continuity  between  the  branch  and  the  hypha 
(figs.  33, 34).  The  other  branches  of  the  process  immediately 
develope  and  form  about  the  point  of  union  a  felted  mass, 
more  or  less  complicated.  Some  of  them  in  different  stages  of 
development  will  be  found  from  the  second  day  after  the 
sowing  and  indicate  points  of  union  between  the  two 
systems  of  mycelium. 

Union  of  hyphfe  may  take  place  when  only  those  of 
Chcetocla^um  are  concerned.  Fig.  35  represents  three  spores 
8,  «*,  a',  of  Ch.  Brefeldii,  which  have  generated  side  by 
side,  and  the  hyphie  of  which  have  fused,  so  that  it  is 
impossible  to  determine  their  points  of  union.  Fig.  36  shows 
that  two  branches  of  a  hypha  have  curved  towards  each 
Other,  forming  a  loop.  This  property  of  anastomosis  of 
the  mycelium  which  is  possessed  in  so  high  a  degree  by 
Ascomyceies,  Penicillium,  Botrytis,  Arthroboti-ys,  here 
appears    for    the    first    time    amongst    the    Mucorini,    al- 
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though  we  now  know  that  others  of  the  group  also  mani- 
fest it. 

On  the  third  day  the  Mticor  produced  fructification;  the 
Cheetocladium  did  not  do  so  till  it  had  developed  in  the 
air  its  long  slender  branching  byphsc.  These  generally 
originated  from  a  mycelial  tubercle  or  from  a  point  adjacent 
to  one,  but  much  more  frequently  they  were  developed  from 
the  ordinary  hypha;  of  the  Chwtocladium  remote  from  any 
point  of  union- with  the  Mucor  ;  on  the  other  haud,  many  of 
the  tubercles  produced  no  aerial  hyphEe  at  alL  On  the  fourth 
day  the  aerial  hyphae  developed  branches  with  more  or  less 
complicated  groupa  of  s]X)rangia,  but  always  destitute  of 
pointed  terminations  which  only  develope  subsequently  with 
increased  vigour  of  growth.  Whenever  in  the  air  within  the 
cell  the  sporangiferous  hypha:  of  Mucor  come  into  contact 
with  the  long  flexuouB  hyithte  of  Cfia-tocltidium,  unions  of  the 
sauie  kind  are  effected  as  occur  in  the  case  of  those  which 
are  submerged. 

These  observations  quite  confirm  all  that  Brefeld  has 
staled,  anil  it  must  he  allowed  that  the  Ch^etoeladium  attains 
by  virtue  of  its  parHsitism  a  much  more  considerable  de- 
veloptnent.  Chietocladium  Brefeldii  is  not  a  parasite  in  the 
absolute  sense  of  the  word,  which  would  imply  that  parasitism 
is  a  necessity  of  its  existence.  Yet  it  undoubtedly  possesses 
the  power  by  forming  unions  with  Mucor  of  appropriating 
nutriment  from  it.  Yet  we  have  cultivated  the  two  plants 
together,  without  being  able  to  detect  any  union  between 
them. 

The  species  of  ChtBtocladium  are  then  indifferently 
parasitic  or  not.  Other  species  of  Mucorini  exhibit  the  same 
phenomena,  in  appearance  so  contradictory — one  plant  fixing 
itself  upon  another  and  drawing  from  it  part  of  its  nutriment, 
yet  able  at  the  same  time  to  develope,  live,  and  fructify 
autonomously.  But  perhaps,  after  all,  this  kind  of  am- 
biguous parasitism  need  not  very  much  surprise  us.  In  fact, 
all  fungi,  like  all  animals,  are  parasites  in  relation  to 
chlorophyll-containing  plants,  from  which  ultimately  they 
must  needs  draw  their  supply  of  carbon.  Being  then  in  the 
last  resort  parasitic  we  need  not  be  astonished  if  the  extent 
of  their  parasitism  should  in  different  cases  be  a  little  t. 
or  a  little  less  marked. 


-    The  memoir  of  Mr.  G.  O.  Sars,  reproduceil  from  his  oi 
English  publication  in   the  preceding  pages,  is  of  very  gr« 
interest,  in  that  it  clearly  makes  known  to  us  the  anattrny  i . 
the  remarkable  genns  established  by  Allman  in  this  Joiirnitl^' 
T»ith  so  much  shrewdness  on  the  examination  of  a  few  spirit 

Becimens.  I  desire  to  take  this  opportunity  of  pointing  out 
at  the  supposed  relation  of  Ithabdopleura  to  the  Itydrozoa, 
.nipported  above  by  Sars,  is  not  really  indicated  hy  the  facts 
he  has  adduced.  There  is,  I  venture  to  affirm,  on  ihvl 
contrary,  no  important  feature  in  which  Ithabdoplpura  reall 
Approximates  to  the  Hydrozoa.  It  ia  separated  by  a  hug. 
<gulf  from  the  Diplohlaslica,  from  the  animals  devoid  of  trual 
body  cavity,  and  possessing  extensive  gastric  ramifications. 

The  real  and  great  interest  of  Rhabdnpleura  seems  to  n 
to  consist  in  this,  ihat  it  tends  to  upset  that  classificalioit 
which  has  been  adopted  by  such  distinguished  investigators 
as  Gegenbauer  and  HaeckeL  These  authorities  remove  the 
Polyzoa  from  association  with  the  Molluscs,  and  place  them 
in  the  central  or  proliferous  ancestral  group,  Vermes.  Hyxley 
and  Alhnan,  o»  the  other  hand,  remain  staunch  to  Milne- 
Edwards'  arrangement  of  the  Polyzoa  under  the  Molluscan 
sub-kingdom. 

Though  one  class  of  the  so-called  Molluscoidea,  namely, 
the  Tunicata,  has  to  be  removed  from  the  MoUuscan  family^ 
tree  in  consequence  of  recent  researches — if  our  classificationt 
are  to  have  any  genealogical  signification,  and  very  few 
persons  doubt  that  they  must  have  such  a  signification — yet 
there  really  has  not  been  a  serious  attempt  to  contravert 
those  reasons  which  have  been  assigned,  especially  by  AllmaOj 
^r  associating  the  Polyzoa  with  the  Mollusca.  In  passing  1 
may  say  that  still  less  is   there  reason   for  removing   the 

rachiopotia  from  such  association.     In   Itltubdoploura  we 

ive  a  form  which  binds  the  Polyzoa  fast  to  the  Molluscan  _ 
Kiies,  and  with  the  Polyzoa  .undoubtedly  go  the  BracbiopoditjJ 
W  the  recent  observations  of  Morse  on  the  development  ofV 
Terebratulina,  and  my  own  on  Terebralula  vitrea,  show.         ] 
■    When  it  is  once  admitted,  as  it  may  be  most  full^,  that 
^^he  great  family-tree  of  the  Mollusca  has  developed  directly 
iom  the  Vermes,  ami  more  largely  than  any  other  of   the 
bur  great   trees  springing  from  Vermian  ancestors  has  re- 
tained  the  essential  organization  of  its  ancestors  in  a  primitive^ 
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conditioTi,  then  it  ceases  to  be  surprising  that,  with  so  much 
confidence,  lonly  developed  or  degraded  groups  of  MoHusca 
are  detached  hy  syEtema lists  from  the  Molluscan  tree,  and 
referred  back  to  the  fundamental  group  of  Worms. 

There  are  three  modifications  of  structure  which  are  dis- 
tinctive of  the  Mollusca,  and  are  of  significance  in  the  order 
in  which  they  are  mentioned,  viz.  foot,  gill,  mantle-shell. 
They  each  have  their  representative,  their  homogen,  in  the 
commonest  worms,  but  un specialised,  not  elaborated  in  the 
Molluscan  style.  The  foot  is  a  muscular  specialisation  of 
the  '  neural '  or  '  ventral '  post-oral  hody-wall.  It  is  the 
most  characteristic  of  all  Molluscan  features.  The  gills, 
again,  are  lateral  and  post-oral  diverticula  of  the  hody-wall, 
such  as  are  found  as  respiratory  organs  in  many  Vermes. 
But  in  some  classes  of  the  Mollusca  they  have  taken  on 
special  functions  with  accompanying  changes  of  form  and  of 
apparent  relations,  which  strangely  obscure  their  origin.  The 
mantle,  with  the  calcareous  matter  to  which  it  gives  origin,  is 
again  fully  represented  in  the  tubicolous  Annelids,  and  is, 
after  all,  a  mere  flap  of  the  body-wall,  which  may  be  de- 
veloped to  an  enormous  extent  or  be  absent  altogether  as  well 
as  the  shell.  At  the  same  time  the  production  of  an  em- 
bedded chitinous  shell  fpen  of  Cephalopoda,  embryonic  plug 
of  Gasteropoda,  ligament  of  Lamellibranchs),  together  with 
a  superficial  calcareous  valve  or  valves,  must  have  at  a  very 
early  period  of  its  branching  off  have  become  characteristic  of 
the  Molluscan  pedigree. 

There  is  a  consideration  of  a  general  character,  which  relates 
to  the  probable  effect  of  a  long- continued  process  of  evolution 
of  organic  formB,  and  is  of  the  greatest  importance  in  the  ex- 
amination of  the  Molluscan  pedigree,  as,  indeed,  in  all  such 
inquiries.  That  consideration  is  this,  that  the  lowly  organised 
forms  which  we  at  present  see  are  hy  no  means  necessarily, 
though  they  are  possibly,  and  often,  no  doubt,  are  actually, 
representatives  of  the  lowly  organised  ancestry  of  the  higher 
forms  to  which  they  are  moat  nearly  allied.  They  often,  on 
the  contrary,  must  be  degraded  forms,  or  forms  which  have 
progressed  in  the  direction  of  simplification  from  a  more 
highly  elaborated  or  more  '  typical '  ancestry.  Thus,  very 
probably,  both  AmpMoxxes  and  the  Ascidians  do  not  indicate 
to  us  the  direct  way  backwards  from  the  Vertebrata  to  an 
invertebrate  ancestry.  They  both  very  probably  have  become 
vastly  modified  and  simplified  in  their  own  way,  as  compared 
with  the  ancestor  common  to  them  and  the  Vertebrata. 
Long  ago  Goethe  perceived  the  tendency  to  substitute  the 
order  iii  which  things  become  known  to  us  for  the  order  of 
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Explanation  of  (he  leooiaiti,  being  a  teries  of  Acephaloia  MoUtnei. 
M.  Moulb.        A.  Anas.        Ac.  Blind  ending  of  mtestine.        F.  Foot. 
O.  Gilt-tentadcg.  H.  So-called  heart  of  Terebratula.  n^.  Nerre* 

ganglion.         Or.  Oridact. 

Fig.  1.— Hippocrepian  Poljwon.  Fig.  2. — Maidoplmra. 

„     %.— Terebratula.  „    *■ — loung  Cuidat. 

„     h.—Dentaliim. 
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their  true  or  causal  relationships,  when  he  eaid,  "  Was 
wiinlen  wir  von  eiuem  Architecteu  sagen,  der  durch  eine 
Seiteuthiire  in  einen  Palast  gekommen  ware,  und  nun,  hei 
Beschrt'ibiuig  und  Darstellung  eints  solchen  Gebaudes,  alles 
auf  diese  erste  untergeordnete  seite  beziehen  wollte?  Und 
doch  geschieht  dies  in  den  Wissenschaften  jeden  Tag," 

It  is  possible  that  iri  this  way  we  may  be  led  to  look  at 
the  Mollusca  through  a  side  door,  if  we  do  not  remember 
that  the  simplest  forms  referable  to  that  group,  known  to  us 
at  this  day,  are  not  necessarily  the  most  nearly  representa- 
tive of  the  MoDuscan  ancestry. 

lu  Rhabdopleura  we  find  a  large  and  well- developed  foot 
{the  buccal  shield),  justifying  the  previous  assumption  that 
the  epistoma  of  the  fresh-water  Polyzoa  represents  the  foot 
of  Mollusca. 

In  Brachiopoda  there  is  even  less  trace  of  the  foot  than  is 
afforded  by  the  Polyzoan  epistoma;  but  in  Terebrahila  there 
is  a  bare  indication  of  it — a  so-called  lower  lip.  Would  it 
be  right  from  this  to  conclude  that  the  Brachiopoda  are  more 
nearly  related  to  the  Vermes,  and  that  we  have  an  ascending 
series  from  them,  through  the  Hippocrepian  Polyzoa  to 
JViabdopleura,  and  thence  to  Mollusca  proper?  It  seems 
not ;  but  far  more  probably  we  have  a  descending  series — a 
loss  of  this  powerful  foot — accompanying  the  acquisition  of 
immobility  and  subsequent  arborescent  stock -building. 

With  the  assumption  of  these  habits  we  have  further  the 
abortion  of  the  cephalic  region  common  to  Polyzoa,  Brachio- 
poda, and  Lamellibranchs  i  and  further)  the  huge  develop- 
ment of  the  gill- tentacles — not  as  respiratory  organs,  for 
which  function  they  are  far  larger  than  needful — but  in  all 
three  classes  as  excitors  of  currents,  by  means  of  their  cilia, 
bringing  food  to  the  mouth.  The  gill-tentacle  of  Rhabdo- 
pleura  is  even  more  like  to  an  arm  of  Terebratula  than  to  one 
side  of  a  hippocrepian  lophophore.  Still  more  justly  may 
it  be  compared  in  form  and  in  relation  to  other  parts  with 
the  gill-plume  of  some  Gasteropods  ;  whilst  its  relative  posi- 
tion as  regards  foot,  mouth  and  anus,  is  precisely  that  of  the 
budding  gill-laminiB  of  a  young  Lam  el  li  branch. 

In  the  accompanying  woodcuts  I  have  diagrammaticallj 
indicated  these  fundamental  points  of  agreement  among 
Acephalous  Mollusca.  The  comparison  of  the  Cephalopbora 
with  the  Acephalous  forme  is  rendered  easy  through  the 
Chitons  on  the  one  hand  and  the  Laraellibranchs  on  the 
other. 

It  has  not  been  my  object  in  the  above  few  lines  to  discuss 
the  details  of  Molluscau  morphology,  but  to  give  what  I  believe 


k^CENT  RESEARCHES  IN  THE!  DiATOMACEilS.  81 

to  be  its  true  significance  to  this  admirably  worked-out  form^ 
JRhabdopleura,  and  that  I  conceive  to  depend  upon  the  large 
development  of  that  most  MoUuscan  of  organs,  the  *^  foot.** 
The  absence  of  a  mantle-fold  is  of  small  significance,  being 
paralleled  in  various  MoUusca  proper.  The  abortion  of  the 
cephalic  region  is  characteristic  of  the  whole  branch  of 
Acephala,  and  the  same  region  suffers  in  Dentaltum,  and 
even  in  the  Cephalopoda  also,  to  the  advantage  of  the  ever- 
more function-annexing  foot. 


Recent  Researches  in  the  DiAxoMACEiB. 
By  Rev.  E.  O'Meara,  A.M.^ 

VI. 

In  the  family  Achnanthece  the  valves  are  symmetrical  in  the 
longitudinal  axis,  but  unsymmetricalin  the  plane  of  separa- 
tion ;  the  frustules  are  more  or  less  geniculate,  so  that  of  the 
valves  one  is  concave  while  the  other  is  convex ;  the  former 
only  possesses  a  central  nodule.  The  genera  Achnanthidium 
and  Cocconeis  agree  in  these  general  characteristics,  but  are 
separated  into  a  distinct  family,  the  Cocconeide<B,  for  reasons 
that  shall  be  hereafter  assigned,  so  that  the  family  AchnanthetB 
embraces  the  solitary  genus  Achnanthes,  The  two  species 
of  this  genus  which  have  been  observed  abundantly  in  a  living 
state.  A,  brevipes  and  A,  subsessilis,  correspond  with  the 
Navicule<B  in  the  structure  of  the  cell-contents,  inasmuch  as 
they  possess  a  middle  granular  plasm-mass  and  two  endo- 
chrome-plates  lying  on  the  girdle-bands,  and  thence  passing 
over  the  valves.  The  endochrome-plates  exhibit  a  slit  in  the 
middle,  and  separate  by  an  incision  proceeding  from  the  ends. 
The  well-defined  nucleus  lies  always  nearer  to  the  concave 
than  to  convex  valve.  In  the  few  specimens  of  A,  longipea 
which  came  under  Dr.  Pfitzer's  notice,  the  endochrome-plates 
were  split  up  into  numerous  small  pieces  ;  but  whether  this 
be  the  normal  condition  or  not  remains  to  be  determined. 

The  marine  A.  longipes  was  observed  by  Smith  in  the  act 
of  forming  auxospores,  the  same  form,  as  well  as  A.  subsessilis^ 
by  Liiders.  In  respect  to  the  former  Smith  maintained  that  a 
single  cell  forms  two  auxospores,  Liiders  supposed  that  two 
cells  co-operate  to  produce  the  same  result ;  while  in  the  case 
of  A,  subsessilis  a  single  mother-cell  gives  birth  to  a  single 
auxospore.     In   both  cases,  according  to  Luders,  the  cell- 

1  Continued  from  Vol.  XIII,  p.  15. 
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contents  divide  and  afterwards  re-unite,  alteroately  in  the 
case  of  ^.  longipes,  directly  in  that  of  A.  subsfssilis.  Ac- 
cording to  Liiders,  there  is  always  found  a  gelatinous  sheath 
surrounding  the  infant  cells,  which  force  themselves  out  by 
an  opening  at  the  end. 

It  appears  confusing  that  two  species  bo  nearly  related 
should  exhibit  such  different  conditions  in  the  fonnation  of 
their  spores,  and  therefore  the  author  expresses  a  wish  that 
observers  residing  near  the  sea-shore  will  carefully  examine 
fresh  specimens  with  a  view  to  ascertain  satisfactorily  the 
process  of  spore-formation. 

After  the  Achnanthidea  Pfitzer  ranges  the  group  Coc- 
coneideie,  in  which  are  embraced  the  two  genera,  Achnan- 
thidium  and  Cocconeis.  Achnanthidium  has  been  distinguished 
from  Achnanthea  by  the  fact  that  while  the  latter  is  stipitate 
the  former  is  free.  To  this  Pfitzer  adds  another  mark  of 
distinction  founded  on  the  character  of  the  en  do  chrome-plates. 
Achnanthes  has  two  en dochrome -plates,  while  in  Achnanthi- 
dium lanceolatum  there  la  but  one,  which  lies  upon  the  convex 
valve.  This  peculiarity  places  Achnanthidium  in  intimate 
relationship  with  the  next  genus,  Cocconeis.  Cocconeis 
Pediculua  at  least  possesses  a  single  en  do  chrome-plate,  occu- 
pying a  position  similar  to  that  oi  Achnanthidium  lanceoMiim, 
split  up  on  the  edge,  and  with  its  scallops  reaching  the  girdle- 
band.  It  exhibits  also  a  strong  slit  on  one  side,  a  circum- 
stance which  in  the  author's  opinion  shows  that  the  Coceo- 
neidem  are  not  decidedly  symmetrical  in  the  longitudinal 
plane.  This  feature  discovers  itself  in  Achnanthidium  like- 
wise, in  the  structure  of  the  concave  valve,  by  a  stronger 
development  of  the  central  nodule  on  one  side  than  on  the 
other.  The  endochrome -plate  is  more  deeply  scalloped  in 
proportion  as  the  valve  is  large.  The  central  incision  some- 
times extends  so  far  as  to  effect  a  complete  division  of  the 
plate.  A  nucleiis  is  clearly  seen  in  Cocconeis  Pediculus, 
as  is  also  a  central  accumulation  of  plasm.  So  the  Coc- 
coneideie  are  essentially  distinct  from  the  Naviculece,  and  ex- 
hibit a  decided  analogy  to  the  similarly  epiphytic  Ampltoreai, 
inasmuch  as  in  neither  does  the  occurrence  of  the  longi- 
tudinal line  exhibic  anything  to  correspond  with  it  in  the 
structure  of  the  primordial  cell.  In  the  Amphorea  and 
Cocconeidet^the  endochrome-plate  stands  related  to  the  surface 
of  attachment.  The  former  attaches  itself  by  one  girdle-band, 
and  upon  this  plane  lies  the  middle  of  the  plate ;  the  latter 
are  ffxed  to  foreign  bodies  by  one  valve,  on  which  the  middle 
of  the  plate  lies.  As  respects  the  fonnation  of  auxospores, 
m  Achnanthidium  it    has    never   been   discovered,   but  in 
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^'Cocconeis  frequently.  Carter  first  found  that  two  cells 
secrete  a  gelatinous  envelope,  open,  and  by  a  true  act  of 
copulation  construct  a  single  spore,  which  is  first  globular, 
then  becomes  ellipsoid,  and  finally  separates  into  two  longi- 
tudinal portions,  each  of  which  is  an  auxosporc.  On  Uie 
contrary,  Smith  maintained  that  a  single  cell  pours  out  its 
contents,  and  therefrom  developes  a  single  spore ;  but  the 
author  adds  that  while  Carter's  observations  refer  to  Cocconeit 
Pediculua,  Smith  refers  to  what  he  calls  the  nearly  allied  : 
species,  Cocconeis  Placenlula.  Liiders  agrees  in  this  point  j 
with  Carter,  and  Dr.  Ffitzer  confirms  their  position  in  regard 
to  C.  Pediculus.  The  following  difi'erences  are  noticeable. 
One  supposes  the  separation  has  been  completed  within  the 
envelope,  the  other  not  till  it  has  been  thrown  off.  According 
to  Carter  the  firstling -cell  a  turn  the  concave  sides  one  to 
the  other ;  according  to  Liiders  they  are  parallel.  Dr.  Pfitzer 
observes  that  the  material  at  his  command  was  too  young  to 
enable  him  to  decide  this  question.    ' 


r  In  this  are  included  three  genera — 1.  Sp/ienella;  &,  Gom- 
phonema;  S.  Rhoicaaphenia.  They  are  distinguishable  by 
the  fact  that  in  the  general  structure  of  the  valves  they  re- 
semble the  Namculeee.  Like  the  latter,  the  frustules  possesB 
three  nodtiles  on  each  side,  and  two  median-lines  divided  into 
two  parts  by  the  central  nodule.  Still  they  are  unsymmetri- 
cally  constructed,  the  upper  end  being  broader  than  the  lower. 
As  the  Achnant/ieiE  exhibit  a  want  of  symmetry  in  the  axis 
'^''  leparation,  and  the  Cymbellets  in  the  longitudinal  axis, 
GompkonemeiE  are  unsymmetrical  in  the  transverse  axis'  I 
le  two  last-named  gi'oups  are  more  closely  related  than  has  I 
len  hitherto  believed  both  in  respect  to  the  structure  of  their 
Talves  and  also  of  their  cell -con  tents.  On  the  one  side 
the  Ct/mbelletB  so  far  as  they  are  stipitate  show  a  distinction 
between  the  upper  and  under  ends,  which  is  not  noticeable  in 
the  case  of  valves  exposed  to  the  action  of  heat  or  in  the  free- 
living  forms ;  and  on  the  other  side  the  Gomphartemea  are 
un symmetrical  not  only  in  the  transverse  axis,  as  was  before 
stated,  but  also  in  the  longitudinal  axis.  In  all,  this  feature 
manifests  itself  in  the  structure  of  the  primordial  cell ;  in 
some,  in  the  structtire  of  the  valve  itself.  In  Sphenella 
vulgaris,  Kiita.,  the  valves  are  noticeably  more  decidedly  con- 
vex on  one  side  thau  on  the  other ;  and  in  other  cases  in 
which  the  margin  of  the  valve  appears  symmetrical,  the 
sctdpture  on  the  two  sides  of  the  longitudinal  line  is  difierent. 
luffen  West's  delineation  of  Gompkonema  geminafum  in.  . 
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Smith  exhibits  on  one  side  of  the  centra!  nodule  a  groiiprfl^ 
four  or  five  separate  depressions  which  do  not  occur  on  the 
other  side ;  and  this  is  a  regular  occurrence.  Besides,  the 
median  lines  at  the  central  nodule  and  the  under  end-nodule 
bend  toward  the  same  side — namely,  that  in  which  the  above- 
mentioned  depressions  occur,  and  which  are  situated  in  a 
well-defined  area.  At  the  upper-end  nodule  the  median  line 
at  first  takes  the  same  bend  as  at  the  other  nodules,  but 
afterwards  changes  round  to  the  opposite  side,  towards  a 
small  space  in  which  no  depressions  occur.  These  peculiari- 
ties render  manifest  the  unsymmetrical  character  of  the 
valves.  In  many  specimens  the  median  line  is  bowed,  how- 
ever slightly,  so  as  to  present  its  concave  side  to  the  group 
of  depressions.  In  addition  it  is  important  to  observe  that 
where  these  depressions  lie  to  the  right  on  the  upper  valve, 
they  are  found  also  on  the  right  in  the  underlying  valve. 
So  that  the  Gomphoneme^  are  not  diagonally  constructed  as 
the  Pinnularue  are,  buf  iinsymmetrically  on  the  homologous 
sides,  like  Anomoeoneis  and  the  Cymhellete.  The  structure 
of  the  primordial  cell  corresponds ;  there  is  but  one  plasm- 
band  situated  on  the  cell  wall ;  only  one  en  do  chrome- plate 
occurs ;  but  while  the  former  and  the  middle  of  the  latter  in 
the  Cymbeliea  lie  on  the  more  strongly -arched,  we  find  them 
in  the  somewhat  unsymmetrical  Gomphonemere  {e.g.,  in  Sphe- 
«e/ifl  VK/^aj'is)  on  the  less  convex  girdle-band.  The  central 
plasm-mass  is  not  so  broad  on  the  one  side  as  it  is  on  the 
other,  on  which  lies  the  nucleus  and  the  turncd-iip  edges 
of  the  endochrome-plate,  this  is  also  the  case  in  the  greater 
number  of  the  Ct/mbellex.  The  endochrome-plate  has  the  same 
structure  as  in  the  last  named,  although  its  position  differs  to 
the  extent  of  ISOdegi'eos.  The  division  of  the  endochrome- 
plate  proceeds  by  an  incision  from  the  ends.  The  free  edge 
grows  across  the  valve  until  the  original  position  has  been 
reached.  A  transverse  section  of  the  Gompkonema-ceQ. 
would  more  clearly  represent  the  relative  position  of  the  parts. 
The  genera  Gomphonema  and  Sphenella  are  distinguished 
from  one  another  only  by  the  circumstance  that  the  frustules 
in  the  former  are  stipitate,  and  non-stipitate  in  the  latter, 
which  Pfitzer,  following  Grunow  and  Rabenhorst,  considers 
an  inadequate  generic  distinction,  for  this  reason,  that  the 
stipitate  forms  occur  free  and  with  active  motion.  As  respect 
the  substance  of  the  stipes,  it  appears  in  this  instance,  as  in 
the  case  of  Cocconema  and  Brebissonia,  in  its  early  stage  as 
a  simple,  colourless,  well-defined  gelatinous  band ;  but  in  its 
more  advanced  stage  of  growth  it  presents  a  brownish  central 
J^^c^  surrounded  by  a  broad,  co\ou.i\e«i«  itkNtatment.  ^^ 


RECENT  aSSEARCHES  IN  THE  OIATOMACEJS.  85 

As  regards  the  construction  of  auxospores^  Thwaites  in« 
forms  us  that  in  this  genus^  as  well  as  that  of  Cymbella,  two 
mother-cells  develope  two  auxospores  lying  parallel  to  them. 
Thwaites  made  this  observation  in  the  case  of  a  species 
related  to  Gomphonema  dichotomum,  Sm.^  in  6.  dichotomum, 
G.  tenellum,  G,  olivaceum ;  Pfitzer,  in  the  last-named  species. 
An  actual  union  of  the  two  primordial  mother-cells  does  not 
occur,  but  only  a  diffusing  of  the  contents  through  the  gelati« 
nous  investment.  When  the  auxospores  have  nearly  reached 
their  definitive  length  they  develope  a  fine  membrane^ 
within  which  the  valves  are  formed  one  after  the  other. 
They  are  at  first  strongly  arched  and  bent  on  the  longitudinal 
axis ;  the  striation  developes  itself  clearly  in  a  direction  pro- 
ceeding from  the  centre  towards  the  ends.  The  firstlmg- 
cells  at  first  have  girdle-bands  as  narrow  as  those  in  Navicula, 
the  outer  larger  valve,  even  in  its  earlier  stage,  embracing 
the  smaller  inner  valve.  After  the  second  division,  out  of 
the  bent-valved  firstling-cells  spring  normal  cells  with  two 
straight  valves,  just  as  in  the  case  of  Navicula.  The  plane 
of  separation  in  the  firstling-cell  is  at  a  right  angle  to  that  of 
the  mother-cell  from  which  it  has  sprung — the  valves  of  the 
former  being  seen  when  the  girdle-band  of  the  latter  is  turned 
towards  the  observer. 

RAoicosphenia, 

This  may  be  regarded  as  a  Gomphonema  unsymmetrical 
in  its  three  dimensions.  In  addition  to  the  want  of  symmetry 
in  the  longitudinal  and  transverse  axis,  there  occurs  in  this 
genus  a  bending  in  the  plane  of  separation,  and  also  an  un- 
similarity  of  the  two  valves,  of  which  one  only — namely,  the 
concave — possesses  a  central  nodule ;  besides,  the  fillets 
which  occur  on  the  upper  end  of  Gomphonema  are  here  most 
strongly  developed.  In  the  primordial  cell  no  remarkable 
distinction  is  found  compared  with  Gomphonema;  but  it  is 
far  otherwise  with  Achnanthes,  Achnanthidium,  and  Cocconeis, 
to  which  genera  Grunow  and  Rabenhorst  attached  it.  Rho* 
icosphenia  curvata  (Kiitz.),  Grun.,  and  R,  marina  (Kiitz.), 
possess  a  single  endochrome- plate,  the  middle  line  of  which 
lies  on  the  plane  of  one  girdle-band,  covering  the  two  valves, 
and  even  folding  itself  over  upon  the  other  girdle-band. 
Viewed  in  this  aspect  it  appears  broken  into  four  parts,  the 
division  between  two  of  these  parts  being  observable  on  the 
F.V.  Normally  this  occurs  in  a  Rhoicosphenia  lying  on  one 
valve  on  the  same  side  of  the  upper  and  under  valve.  The 
middle  portion  of  the  valves  is  for  the  most  part  covered 
with  endochrome,  which  is  not  the  case  in  Gomphonema,    A 
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slight  indentation  IB  observable  at  the  ends  of  the  plate,  in 
which  there  is  an  approach  to  the  Cocconeideis,  similarly 
geniculated  in  the  axis  of  division.  The  division  of  the 
endo chrome  plate  proceeds  just  as  in  thecasoof  GompAooema, 
towards  which  genus  many  transition -forms  from  Rhoicos- 
pkenia  tend. 

The  formation  of  auxospores  was  observed  by  Thwaitcs 
in  the  case  of  R.  curvala  so  early  as  1847.  This  process 
goes  on  precisely  as  in  Gomphonema,  only  the  plasm-sac,  ac- 
cording to  Thwaites,  does  not  emerge  at  the  side,  but  from  an 
opening  at  the  end  of  the  cell.  Smith  found  the  same  species 
as  well  as  R.  marina  in  conjugation.  In  the  case  of  the  form 
last-named,  Liiders  has  added  the  remark  that  the  auxo- 
spores  before  they  have  attained  the  length  of  the  older  cells 
are  invested  with  a  very  fine  silicious  coating,  which  exhibits 
broad  transverse  strife.  This  investment  is  at  first  cy- 
lindrical, but  becomes  bent  in  the  firstling-cells,  which  issue 


VII. 


The  forms  embraced  in  the  four  groups  to  be  now 
sidered  are  placed  by  Dr.  Pfitzei',  in  reference  to  themselves 
and  to  other  groups,  in  a  relationship  very  difffireut  from 
that  assigned  to  them  by  most  writers  of  authority  on  the 
subject.  The  groups  referred  to  are  AmphiplewecB,  Plagio- 
tropidete,  AmpMlropideee,  and  NiizachieiE.  Heiberg  indeed 
places  the  genus  Amphipleura  imder  that  of  Nitzsckia,  and 
that  because  the  species  of  the  former  family,  which  he  had 
specially  examined,  was  that  named  by  Smith  A.  sigmoidea 
— a  form  which  I  believe  to  be  identical  with  Nitschia 
sigmoidea.  So  under  the  supposition  that  the  form  named 
is  to  be  properly  regarded  as  really  belonging  to  the  genus 
Amphipleura,  he  was  qiute  right  in  the  position  he  assigned 
to  it;  but  regarding  Amphipleura  pellucida  as  a  genuine 
type  of  the  family,  its  position,  according  to  Heiberg's 
system  of  classification,  is  widely  apart.  Grunow  at  first 
placed  Amphipleura  among  the  Surirelkie,  but .  afterwards 
made  it  the  type  of  a  distinct  gi'oup,  in  which  he  included 
Berkeleya.  Pfitzer  agrees  with  Grunow  as  to  the  compre- 
hension of  Berkeleya  in  the  group,  though  he  places  the 
group  itself  in  a  very  difierent  relation.  The  position  of 
Amphipleura,  according  to  Ralfs,  is  between  the  NitzacMem 
and  SuHrellecE.  Eabenhorst  placed  it  under  the  Navicu- 
lacetB  in  his  Siissw.  Diat.,  but  subsequently,  in  Fl.  Eur. 
A^.,    ranges   it    between    the    Synedrea   and   Nitzschiete. 
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According  to  Kiitzlng,  William  Smith,  and  Professor  H.  L. 
Smith,  Arnphipleura  is  assigned  to  a  position  more  or  less 
intimately  associated  with  the  Navicuiacea. 

The  two  next  groups,  Plagiotropidea  and  Amphitropidea, 
are  intimately  associated  with  the  genus  Amphiprora,  Ehr., 
which  has  been  regarded  as  nearly  related  to  the  Navicu- 
lacea,  but  the  allied  forms  are  by  Piitzer  associated  with  the 
Nitzschiea,  The  character  which  these  four  groups  possess 
in  common,  and  in  consequence  of  which  they  are  so  inti- 
mately associated  by  that  author,  is  the  development  of 
certain  longitudinal  lines  into  more  or  less  prominent  keels. 
Whether  this  characteristic  should  be  deemed  a  sufficient 
reason  to  justify  the  arrangement  referred  to  may  be  con- 
sidered as  liable  to  doubt ;  it  is,  however,  important  to  keep 
this  common  feature  in  view. 

Let  the  author  now  speak  for  himself — 

AmphipleuretJBy  Grun. 

This    embraces    two   genera,   Arnphipleura^  Kiitz,,   and 
Berkeleya,  Grev.     The  only  European  fresh-water  form  of 
this  group,  distinguished  from  the  Naviculea  by  the  deve- 
lopment of  the  central  nodule  on  one  longitudinal  line,  and 
the  three  keels  of  the  valve — namely,  Arnphipleura  pellucida 
(Ehr.)  Kiitz. — possesses  two  endochrome-plates  lying  on  the 
girdle-bands.     A  central  plasm-macs  is  also  observable.     In 
the  process  of  constructing  auxospores,  only  Berkeleya  Dill- 
wynii  (Ag.),  Grun.,  has  been  observed  by  Liiders,     For  this 
purpose  many  cells  unite  in  a  common  gelatinous  envelop- 
ment on  the  extremities  of  the  tubes,  or  smaller  expansions 
arise  on  the  sides  and  middle  of  the  tubes ;  two  mother  cells 
then  develope  two  auxospores. 

"The  structures  described  by  Kiitzing,  Bac,  p.  112,  t. 
23,  f.  ii,  2  a  b  c,  as  the  fruit  of  Berkeleya  tenuis  (Kiitz.), 
appear  to  me,"  adds  Pfitzer,  "  not  to  belong  to  the  Bacilla- 
riacecB  at  all."  It  appears  then  that,  so  far  as  the  internal 
structure  of  the  cell  is  concerned,  Arnphipleura  bears  a 
strong  resemblance  to  Navicula. 

In  case  the  character  noted  by  Pfitzer — namely,  the 
development  of  a  central  nodule  on  one  median  line,  by 
which  I  understand  its  occurrence  on  one  valve  and  not  on 
the  other — be  sustained  by  fact,  the  position  of  Arnphipleura 
will  be  seriously  affected.  In  special  reference  to  this 
subject  I  have  examined  very  many  specimens  of  Amphi^ 
pleura  pellucida  and  could  observe  no  trace  in  any  of  a 
central  nodule. 
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Piagiotropidem , 
This  embraces  only  one  genus,  Plagiotropia,  gen.  nov. 
The  development  of  the  median  lines  into  prominent  keels, 
which  in  the  preceding  group  occurred  to  a  slight  extent,  is 
more  strongly  marked  in  the  two  to  be  next  treated,  in 
which  the  six  nodules  appear  again  in  the  normal  manner. 
The  only  species  to  te  here  assigned  which  occurred  to  the 
author  in  a  living  state  was  found  in  brackish  water  in  the 
harbour  of  Pillau,  and  is  distinguished  from  the  next  related 
genus,  Amphiprora  (Ehr.),  by  the  position  of  the  keel, 
which,  instead  of  being  central,  is  strongly  excentric;  and 
also  by  the  disappearance  of  the  prominent  longitudinal 
striffi,  which  along  with  the  same  occur  in  all  the  Amphi- 
prorea.  The  valve  of  P.  baltica  is  sharply  lanceolate  in 
outline,  resembling  Navicula  serians  (Kiitz.),  in  breadth 
from  one-fifth  to  one-sixth  of  its  length ;  the  keel  describing 
a  gentle  curve,  not  sigmoid,  but,  as  in  the  Ampftiproreee, 
sinking  down  at  the  central  nodule  to  the  plane  of  the  valve 
which  it  divides  into  two  parts  in  the  proportion  of  one  to 
four,  so  that  it  is  very  excentric.  Supposing  the  Plagio- 
tropis  to  lie  so  as  to  present  its  valve-surface  to  the  obsei'vefj 
on  the  upper  valve  the  keel  deviates  towards  the  right,  on 
the  under-valve  towards  the  left,  so  that  Plagioiropis,  like 
Pmnularia,  is  diagonally  constructed.  The  valves  exhibit  a 
very  fine  striation,  and  when  dry  are  nearly  colourless. 
The  girdle-band  view  strongly  resembles  that  of  an  Amphi- 
prora, pretty  much  that  of  Amphiprora  indica  (Grun.),  only 
that  the  two  keels  obviously  lie  in  different  planes.  The 
inner  structure  is  similar  to  that  of  Navicula.  Two  endo- 
chrome -plates  lie  upon  the  girdle-bands,  and  thence  with 
their  edges  stretch  to  some  extent  over  the  valves.  Each 
plate  covers  the  greater  part  of  the  valve  from  the  keel  of 
which  it  has  extended,  the  opposite  margin  going  a  shorter 
distance  towards  the  other  keel.  The  structure  of  the  soft 
parts  corresponds  with  the  diagonal  construction  of  the  cell- 
cover. 

A  mpkiiropidete . 
In  this  group  we  have  only  a  single  form — Amphiiropis 
paiudosa  (Rab.),  quere  Amphicampa  paludosa,  Rab.  Fl.  Enr. 
Alg.j  p.  257,  The  Amphitropidei^.,  says  Pfitzer,  are  related 
to  the  PlagiolropidetB  somewhat  as  the  Cymbelleo:,  still  sym- 
metrical in  outline,  ai'e  to  the  Naviculea.  The  form  of  the 
cell-cover  differs  little,  hut  the  inner  structure  is  quite 
different.  The  Amphiiropis  paludosa  {W.  Sm.)  Eab,,  is  dis- 
tinguished b;^  means   of  its  sigmoid  keels,   constructed  in 
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relation  to  one  another,  as  in  the  case  of  Scoliopleura,  as 
also  bj  the  two  accompanying  longitudinal  striee.  It  has 
only  a  single  endochrome-plate,  lying  on  one  girdle- band, 
and  with  its .  margins  reaching  to  the  valves ;  fission  takes 
place  from  the  ends  throughout.  A  central  plasm-mass  is 
obvious.  Whether  the  similarly  keeled  genera,  Amphiprora 
(Ehr.)  and  Donkinia  (Pritch.),  belong  to  this  or  to  the  pre- 
ceding group  remains  to  be  determined.  Auxospores  in  all 
these  forms  are  still  unknown.  The  concluding  observation 
of  our  author  suggests  the  propriety  of  subjecting  the 
various  related  forms  to  a  careful  examination,  with  a  view 
to  a  satisfactory  arrangement. 

Nitzschiea  (Grun.). 

The  forms  hitherto  treated  of  agree  in  this  particular, 
that,  with  the  exception  of  the  JEpitheniietBy  which  have  a 
very  indistinct  median  line,  they  exhibit  nodules  and  dis- 
tinct median  lines;  and  that  the  transverse  section  is  rec- 
tangular or  trapezoid,  except  Enq/onema,  in  which  case 
it  is  slightly  rhomboid.  The  Nitzschiece,  on  the  contrary, 
possess  neither  nodules  nor  median  lines,  and  besides,  their 
transverse  section  is  ever  distinctly  rhomboid.  This  group 
embraces  three  genera,  Nitzschia,  Ceratoneis,  and  Badh 
laria. 

Nitzschia. 

In  which  we  have  species  of  a  twofold  structure,  which 
may  be  distinguished  as  similarly  striate  (gleichriefige)  and 
alternately  striate  (wechselriefige) .  The  valves  of  every 
Nitzschia  exhibit  on  one  margin  a  row  of  nodulated  thick- 
enings, called  keel-puncta,  which  are  situated  in  the  two 
valves  either  on  the  same  or  on  opposite  sides.  All  the 
Nitzschiece  examined  possess  a  central  granular  plasm-mass, 
in  which  a  large  nucleus  may  be  distinguished,  as  also 
a  single  endochrome-plate,  either  completely  interrupted  in 
the  middle,  or  nearly  so  by  an  elliptical  opening. 

The  endochrorae-plate  in  the  case  of  the  similarly  striate 
Nitzschiea,  so  far  as  the  author  h^s  been  able  to  investigate 
{N.  elongata  (Hantzsch),  N.  flexa  (Schum.),  lies  on  one 
girdle-band,  and  that  the  one  which  stands  more  remote 
from  the  keel-puncta;  it  then  covers  the  valve,  and  with 
small  folds  extends  to  the  opposite  girdle-band.  Some  of 
the  alternately  striate  Nitzschiece — for  example,  N.  palea 
(Kiitz.J,  W.  Sm.,  N,  sigmoidea,  W.  Sm.,  N,  Clausii,  Hantzsch 
— present  the  same  position  of  the  endochrome-plate,  while 
N.  dubitty  Hantzsch,  and  N  linearis  (Ag.).*  W.  Sm.,  difier 
widely  in  the  inner  structure,      In  them  the  endochrom^» 
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plate  passes  freely  across  the  cell,  reaching  from  one  row  of 
kecl-piincta  to  the  other,  When  the  fiustiile  so  stiinds  as 
that  the  keels  arc  to  the  eyD  of  the  observer  super-imposed 
one  on  the  other,  a  narrow  dark  brown  longitudinal  band 
appears  between  two  broad  colourless  ones.  If,  again,  the 
frustule  lies  on  one  obtuse-angled  edge,  it  appears  entirely 
light  yellow-brown.  And  again,  if  the  frustule  or  one 
girdle-band  lie  pai^aUel  to  the  slip  on  which  the  object  lies, 
the  colouring  of  the  cell,  which  would  naturally  be  white,  is 
of  a  somewhat  darker  hue,  because  the  cndochrome-plato 
will  be  projected  in  a  direction  inclined  to  the  plane  of  its 
acute- angled  side. 

We  have  consequently  among  the  Nttzchie^  species  with 
the  inner  and  outer  structure  symmetrically  diagonal,  some 
having  the  silicious  envelope  and  the  soft  inner  parts  unsym- 
metrical  to  one  another  on  the  homologoua  sides ;  and  lastly, 
intennediate  forms  in  which  the  silicious  envelope  is  dia- 
gonal, and  the  inner  structui'e  un symmetrical  to  it  on  the 
homologous  sides.  The  cell-division  has  been  followed  out 
in  Nitzschia  elongata  and  A^.  sigmoidea.  It  commences  with 
a  longitudinal  division  of  the  endoehrome-plate  from  the 
ends  throughout,  then  the  nucleus  separates  into  two, 
and  the  division  of  the  plasm  ensues.  The  daughter-cells  at 
first  he  in  the  longitudinal  axis  of  the  cell,  and  theii  after  a 
time  assume  their  natural  position. 

Ceratoneis,  Ehr. 

The  minute  forms,  C.  aciculaHa  (Kiitz.),  Pritch.,  and  C 
reversa  (W.  Sm.),  Pritch,,  as  regards  their  inner  structure 
differ  in  no  respect  from  the  normal  NilzschieiB,  with  a  single 
eiidochrome-plate  lying  ou  one  girdle-baod  ;  but  on  the 
contrary,  C.  lojtgissima  (Brib,),  Pritch.,  exhibits  numerous 
minute  plates.  "' 

Bacillaria.  ^H 

The  single  cells  of  Bacillaria  paradotea,  Gmel.,  have  likc'^B 
wise  a  single  endochrom^ -plate  coveiiug   one   girdle-band  j 
nevertheless  in  the  greater  number  of  the  cells  of  a  colony 
ihe  endo  chrome -plate  appears  separated  into    two    through 

I  means  of  division.  As  respects  the  development  of  auxo- 
spores  in  the  NitzschietB,  we  kimw  only  this,  that  Schuman 
found  a  form  belonging  to  Nitzschia  with  zone-covers 
(zonenkleide) .  In  addition  to  the  coarse  dark  zones,  there 
was  present  also  a  system  of  fine  longitudinal  lines  on  the 
sheath. 
It  is  to  be  regretted  that  Dr.  Pfitzer  should  have  given 
the  authority  of  his  justly-distinguished  name  to  the  revivi' 
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of  the  Ehrenbergian  genus^  Ceratoneis,  for  the  purpose  of 
separating  the  forms  embraced  under  it  from  the  genus 
Nitzschia,  to  which  they  belong.  Grunow  has  well 
described  Ehrenberg's  genus,  CeratoneiSy  as  a  medley  of 
heterogeneous  forms^  and  retained  the  generic  name  to 
receive  the  single  species  =  Eunotia  arcuSy  W.  Sm.,  in  which 
he  is  followed  by  Professor  H.  L.  Smith.  There  may 
indeed  be  good  reason  for  retaining  the  generic  name  so 
limited^  .but  strong  objections  may  be  urged  against  the 
genus  as  Ehrenberg  and  Kiitzing  left  it.  Too  much  praise 
cannot  be  given  to  Dr.  Pfitzer  for  his  observations  on  the 
genuB  Nitzschia.  No  doubt  the  forms  investigated  by  him 
constitute  but  a  small  proportion  of  those  comprehended 
under  this  extensive  family ;  but  /the  structural  characters 
he  has  illustrated^  in  such  as  he  has  examined^  may  serve  as 
a  clue  to  further  investigation^,  and  can  scarcely  fail  to  lead 
to  satisfactory  results. — [From  the  ^Journal  of  Botany.*] 


The  Lymph  Spaces  in  Fascijs  ;  a  New  Method  of  Injec- 
tion. By  H.  P.  BowDiTCH,  M.D.,  Assistant  Professor  of 
Physiology  in  Harvard  University.  ^ 

The  lymph  spaces  existing  between  the  tendinous  fibres 
of  fasciae,  and  the  connection  of  these  spaces  with  lymphatic 
vessels,  have  been  well  described  and  figured  by  Ludwig 
and  Schweigger-Seidel  in  their  monogi-aph  on  this  subject.^ 

The  researches  of  Dr.  Genersich^  have  shown  that  the 
fasciae,  in  virtue  of  this  structure,  play  a  very  important  part 
in  keeping  up  the  flow  of  lymph  through  the  lymphatic 
vessels.  His  first  experiment  was  as  follows : — ^A  piece  of 
fascia  was  removed  from  the  leg  of  a  dog,  and  tied  over  the 
mouth  of  a  small  glass  funnel  with  the  inner  side  (i.  e.  the 
side  next  to  the  muscles)  uppermost.  A  few  drops  of  a  tur- 
pentine solution  of  the  extract  of  alcanna  root  were  then 
placed  upon  this  surface,  and  the  fascia  alternately  stretched 
and  relaxed  by  partially  exhausting  the  air  from  the  funnel 
and  letting  it  return  again.  In  this  way  the  colouring 
matter  was  made  to  penetrate  into  the  spaces  between  the 
fibres  of  the  fascia,  and  to  enter  the  lymph  vessels  on  the 
opposite  side.  The  same  result  was  obtained  when  the 
colouring  matter  was  injected  between  the  muscle  and  the 

'  Beprinted  from  the  '  Proceedings  of  the  American  Academy  of  Arts  and 
Sciences/  Feb.  11th,  1873. 

'  *  Die  Lymphgefasse  der  Fascien  und  Sehnen.'    Leipzig,  1863. 

*  '  Arbeiten  aus  der  Physiologischen  Anstalt  zu  Leipzig.'  "V.  Jahrgang, 
p,  53. 
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fascia,  and  the  latter  stretched  and  relaxed  by  passive  move- 
meotB  of  the  limb.  Experiments  on  animals  where  the  flow 
of  lymph  through  the  thoracic  duct  was  measured  showed 
that  passive  movements  of  the  limbs  increased  this  flow  in  a 
very  shaking  manner.  Galvanization  of  the  muscles  had  a 
similar  but  less  powerful  efiect. 

The  alternate  widening  an<l  narrowing  of  the  IjTnph 
spaces  between  the  tendinous  fibres  seems  therefore  to  cause 
the  absorption  of  the  lymph  from  the  neighbouring  parts  as 
well  as  its  onward  flow  into  the  lymph  vessels,  the  valves  in 
these  latter  preventing,  of  course,  a  flow  in  the  opposite 
direction. 

In  this  function  of  the  fasciae  we  may  perhaps  find  an 
explanation  of  the  success  of  the  Swedish  movement-cure 
and  of  all  methods  of  treatment  which  involve  passive  move- 
ments of  the  limbs,  the  removal  of  efi'ete  matters  from  the 
tissues  being  favoured  by  an  increased 'flow  of  lymph, 

The  turpentine  solution  of  alcannine  has  several  advan- 
tages for  the  injection  of  lymph  spaces.  Since  turpentine 
does  not  mix  with  water,  there  is  no  possibility  of  the 
colouring  matter  being  diffused  by  imbibition  through  the 
tissues,  and  thus  obscuring  the  anatomical  relations  of  the 
parts.  The  same  immiscibilitj  prevents  also  all  swelling  or 
shrinking  of  the  tissues  as  a  consequence  of  the  injection. 
This  is  always  tu  be  feared  when  watery  or  alcoholic  fluids 
are  used, 

A  very  good  method  of  injecting  the  lymph  spaces  is  as 
follows  : — Let  a  piece  of  fascia,  carefully  freed  from  loose 
connective  tissue,  be  stretched  somewhat  tightly  over  the 
neck  of  a  bottle.  The  point  of  a  hypodermic  syringe  filled 
with  the  turpentine  solution  must  be  then  passed  obliquely 
into  the  fascia,  care  being  talccn  that  the  point  does  not 
penetrate  entirely  through.  If  the  fluid  is  then  forced  from 
the  syringe,  it  will  pass  for  a  short  distance  into  the  lymph 
spaces,  but  a  large  portion  of  it  will  form  a  sort  of  extrava- 
sation in  the  neighbourhood  of  the  point  of  injection. 
Several  such  partial  injections  may  be  made  near  the  border 
of  the  piece  of  fascia,  which  must  then  be  allowed  to  dry, 
stiU  stretched  upon  the  neck  of  the  bottle.  In  drying,  the 
tendinous  fibres  seem  to  shiink  together,  causing  a  dilata- 
tion of  the  spaces  between  them,  in  consequence  of  which 
the  extravasated  fluid  is  sucked  onwards  into  the  finest 
lymph  spaces.  In  this  way  two,  three,  or  even  four  layers 
of  lymph  spaces  lying  between  as  many  different  layers  of 
tendinous  fibres  may  be  clearly  demonstrated.  The  dried 
fSBcis  may  he  mounted  in  Canada  balsam  between  glass  platee. 
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Natural  History  of  the  British  Diatomacea,    By  Arthur 
Scott  Donkin.  M.D.     Part  III.    Van  Voorst. 

After  an  interval  of  two  years  the  second  part  of  the 
*  Natural  History  of  the  British  Diatomacese/  by  Arthur 
Scott  Donkin,  M.D.,  has  been  followed  by  the  third,  the 
letter-press  in  all  respects  such  as  might  be  expected  from 
the  publisher.  Van  Voorst,  and  the  plates,  although  not 
equal  to  those  the  readers  of  the  ^  Quarterly  Journal  of  Micro- 
scopical Science '  were  accustomed  to  from  the  exquisite 
pencil  of  the  late  Dr.  Greville,  are  still  fairly  executed. 

A  great  deal  of  useless  and  confusing  nomenclature  has 
been  advantageously  discarded  by  the  author,  as  an  exempli- 
fication of  which  the  synonymy  of  N,  limosa  may  be  referred 
to.  Some  few  matters  there  are  which  require  special  notice. 
Stauroneis  ptdchella  has  been  removed  from  the  genus 
Stauroneis,  and  placed  under  the  genus  Navicula,  under  the 
name  of  Navicula  aspera. 

This  raises  the  question  whether  the  genus  Stauroneis 
might  not  be  altogether  abandoned.  The  characteristic  is 
the  lateral  expansion  of  the  central  nodule,  so  as  to  form 
what  has  been  designated  a  stauros.  There  is  no  species  in 
which  this  character  is  more  marked  than  in  that  under  con- 
sideration ;  and  if  this,  notwithstanding,  be  removed  to  the 
genus  Navicula^  there  seems  no  valid  reason  why  the  other 
species  of  the  old  genus  Stauroneis  should  not  be  similarly 
treated.  Following  Rabenhorst,  Dr.  Donkin  has  identified 
Pinnularia  Johnsonii,  W.  Sm.,  with  Navicula  scopulorum^ 
Br^b.,  and  iV'.  mesotyla,  Ehr.  The  two  latter,  judging  from 
the  figures,  are  probably  identical,  but  if  Rabenhorst's  de- 
scription of  the  former  be  correct,  ''  gegen  die  gerundeten 
enden  Verlaufend,"  it  can  scarcely  be  regarded  as  identical 
with  P.  Johnsoniiy  the  ends  of  which  are  expanded,  as  accu- 
rately described  in  the  figures  of  Smith  and  Donkin. 

Amphijprora  constricta,  Ehr.,  has  been  removed  from  the 
genus  to  which  it  has  hitherto  been  assigned,  and  included 
in  the  genus  Navicula,  under  the  name  of  Navicula  simulans. 
Smith's  description  represents  this  form  as  more  symmetrical 
than  it  is  in  reality.     The  characters  of  the  genus  An^hi* 
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prora  are  certainly  not  so  strongly  marked  in  this  species  as 
in  others,  but  in  the  specimens  I  have  noticed  the  connecting 
membrane  is  slightly  diagonal,  the  lobes  of  the  valve  do  not 
lie  in  the  same  plane,  nor  is  the  central  nodule  of  the  upper 
valve  exactly  superimposed  on  that  of  the  under  one.  Com- 
paring the  figure  of  Naticula  simulans,  both  on  the  side  and 
front  views,  with  Smith's  figure  of  Amphiprora  comtricta, 
I  am  disposed  to  doubt  the  identity,  and  to  suppose  that 
Donkin's  form  is  a  new  species. 

Pinnularia  Pandura,  Br^b.,  has  been  correctly  identified 
with  Navie^da  Crabro,  Ehr.,  and  N.  nitida,  Grreg.,  as  well  as 
JV.  didyma,  var.  cosiata,  Greg.,  reduced  to  the  same  species 
of  which,  at  best,  thej-  are  but  varieties.  The  description  of 
the  species  is  exactly  as  it  appears  under  a  low  power  ;  striae 
interrupted  by  a  straight  longitudinal  groove  into  a  broad 
outer  aud  a  narrow  inner  section,  the  latter  consisting  of  a 
longitudinal  row  of  conspicuous  hemispherical  dots ;  with  a 
higher  power  the  strife  are  traceable  down  through  the  groove 
and  emerge  again,  the  extremities  appearing  as  an  elevated 
ridge  along  the  median  line. 

Dr.  Donkin  has  greatly  contributed  to  a  more  satisfactory 
definition  of  the  constricted  forms  of  Navicula.  Here  there 
has  been  great  confusion,  and  though  something  more  remains 
to  be  done,  there  will  henceforth  be  no  difficulty  in  recog- 
nising N.  Apis,  N.  Bombus,  N.  interrupta,  not  to  mention 
others. 

Eugene  O'Meak. 
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MICBOZOOLOGT   AND    EMBBTOLOGT. 

New  Observations  on  Infusoria,  —  O.  Butschli,  in 
'Schultze's  Archiv/  vol.  ix,  4th  part,  1873,  has  an  in- 
teresting and  important  series  of  notes  on  the  organiza- 
tion and  reproduction  of  Infusoria.  He  has  studied  species 
of  Parameecium  and  Amphileptus  as  to  the  question  of 
sexual  reproduction.  He  points  out  that  there  is  no  suffi- 
cient evidence  to  warrant  the  view  which  has  practically 
passed  into  a  common- place  of  zoological  teaching  —  that 
the  striated  body  seen  both  by  Stein  and  Balbiani  is  a 
testicle.  He  denies  that  there  is  reason  to  hold  that  this 
fibrillated  body  breaks  up  into  filaments,  or  that  if  it  does  that 
these  filaments  should  be  considered  to  be  spermatozoa.  There 
is  no  evidence  that  they  pass  over  to  the  nucleus  and  fertilise 
it  in  the  way  assumed  either  by  Balbiani  or  Stein.  Again, 
he  is  not  satisfied  as  to  the  nature  of  the  viviparously  pro- 
duced acinetiform  young  said  to  be  developed  from  the 
nucleus.  He  failed  to  find  tTiem  in  a  long  series  of  observa- 
tions on  Paramsecium,  and  thinks  it  still  possible  that  ihey 
are  parasitic,  or,  at  any  rate,  not  the  normal  development  of 
the  ripe  nucleus.  The  structure  of  the  nucleus  he  describes 
in  several  cases,  and  fully  demonstrates  for  it — in  the  ripe 
condition — a  multicellular  structure.  The  nucleolus  never 
presented  any  trace  of  a  finer  structure  —  and  Butschli 
seems  inclined  to  regard  the  striated  capsular  bodies  (testes 
of  Balbiani,  Stein,  and  others),  not  as  metamorphosed  nu- 
cleoli, but  as  parts  of  the  altered  nucleus,  the  signification 
of  which  is  not  understood.  There  is,  no  doubt,  much  justice 
in  the  position  taken  up  by  B  iitschli,  and  his  critical  notes  and 
observations  cannot  fail  to  excite  new  inquiry.  Is  it  too 
much  to  hope  that  English  microscopists  will  do  some  serious 
work  in  this  matter  ? 

Butschli  further  notes  the  occurrence  of  an  amyloid  sub- 
stance in  Gregarina  Blattarum,  in  Nyctotheres  which  accom- 
panies it,  and  in  a  marine  Infusorian — Stromhidium  sulcatum. 

He  also  gives  a  minute  account  and  figure  of  the'structure 
of'  the  trichocysts  in  an  Infusorian  Polykrikos  Schwartzii, 
From    this  there  remains    no   possibility  of   regarding  the 
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trichocysts  as  anything  tut  identical  with  the  nematocysts  of 
Cceleiiterata.  Biitschli  argues  that  their  occarrence  ia  no 
reason  for  douhting  that  the  Infusoriaii  body  is  of  unicellular 
character,  since  we  may  compare  a  single  ectodermal  cell 
of  Hydra  witha  single  lufusoriaii,  and  we  find  that  nemato- 
cysts have  the  same  relations  to  the  protoplasm  in  hoth  cases, 
developing  in  Hydra  as  in  an  Infusor,  simply  in  the  proto- 
plasm, independently  of  the  nucleus,  and  independently  of 
anything  like  cellular  elements.  In  fact,  the  nematocysts  of 
both  Iiuiisoria  and  Hydrozoa  are  striking  examples  of  the 
great  generalisation,  that  the  phenomena  of  life,  whether  ex- 
hibited in  the  building  up  of  structure  or  in  the  transforma- 
tion of  energy,  are  solely  dependent  on  the  life-stuff — pro- 
toplasm—  and  that  the  corpuscular  or  cellular  condition  of 
that  Hfe-stuff  is  a  secondai^  accident. 

A  new  Infusorian,  VTagnm-ia  cylindroconica. — In  the 
first  part  of  vol.  x  of 'Schultze's  Arehiv'  Wladimir  Alen- 
itzen  describes  a  new  Infusorian  under  the  above  name. 
The  interest  of  this  form,  which  was  found  in  the  mud  of 
the  Newa,  consists  in  its  presenting  the  two  circlets  of  cilia 
characteristic  of  the  Vorticellidan  Trichodina,  &c.,  whilst 
at  the  Siinie  liiiii.'  its  pharynx  and  a  little  capitular  prominence, 
together  with  the  position  of  the  contractile  vesicle,  render 
it  similar  to  such  genera  as  Prorodoit  and  Lacrymarta. 

The  Morphology  of  the  Infusoria. — Professor  Haeckel,  in 
the  '  Jenaiteulie  2ei  is  thrift,'  vol.  vii,  part  4,  1873,  discusses 
in  his  clear  methodical  style  the  question  of  the  unicellular 
nature  of  the  Infusoria.  Both  he  and  Gegenbauer  have 
been  Inclined  at  one  time  to  regard  the  clliate  Infusoria  as 
disguised  multicellular  organisms.  Haeckel,  however,  now 
gives  in  fully  his  adhesion  to  the  view  that  they  present 
nothing  comparable  to  cell- differentiation.  He  gives  a  his- 
tory of  the  views  which  have  been  held  on  the  matter,  and 
now  demonstrates,  from  the  known  facts  of  the  development 
of  the  Infusoria,  that  they  are  units  of  the  first  order  of 
aggregation — simple  corpuscles  of  protoplasm,  and  not  mul- 
tiples of  such  corpuscles.  The  whole  morphology  of  the 
class  is  passed  in  review,  and  the  various  structures  and 
organs  presented  by  Infusoria  are  put  iu  their  true  light. 
Finally,  a  revision  of  the  classification  of  the  Protozoa  is 
given. 

iVew  Shell-hearing,  Surface-swimming,  Marine  Infusoria. 
— In  a  second  chapter  of  the  same  paper  Haeckel  describes 
very  curious  and  beautiful  forms  of  ciliatc  Infusoria,  which 
come  nearest  to  the  genus  Tintinmis  of  Claparede  andLa'ch- 
aana.     Haeckel  forms  two  families  for  taem  in  the  order 
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Peritricha,  viz.  Dictiocystida,  and  Codonellida.  Dictyocysta 
has  a  fenestrated  siliceous  cell  exactly  like  that  of  a  Radio- 
larian,  of  the  Cystidan  group,  but  the  animal  which  hangs 
from  this  basket  is  a  ciliate  Infusorian  with  large  cilia  on  the 
peristome.  Codonella  has  a  more  delicate  bell-like  shell  and 
a  very  curious  structure  of  the  peristome.  Nucleus  and 
vacuoles  are  figured  in  it.  The  species  of  these  genera  were 
observed  by  Haeckel  at  Messina  in  1869  and  1860,  and 
others  at  Lanzarote  in  1866  and  1867.  The  species  of  Tin- 
tinrms  and  Tintinnopsis  described  by  Claparede  and  Lachmann 
are  representatives  of  the  same  interesting  families.  We 
might  most  nearly,  perhaps,  indicate  the  condition  of  these 
Infusoria  to  the  reader  by  comparing  them  to  a  Cothurnia 
or  Vaginicola  whose  sheath  has  become  detached  from  its 
support,  so  that  the  animal  now  swims  hanging  from  the 
sheath  like  the  tongue  of  a  bell. 

A  new  Amcehoid  Organisfh  from  Fresh  Water,  Pelomyxa 
paltistris. — In  the  same  number  of  the  same  journal  Dr. 
Kichard  Greef,  of  Marburg,  describes  at  length  the  very  in- 
teresting amoeboid  organism  which  he  was  known  to  have 
under  observation,  and  for  which  he  some  time  since  pro- 
posed the  name  Pelobius,  This  name  was  intended  as  a 
pair  to  BathybiuSy  but  has  to  be  abandoned  since  it  is  in  use 
for  an  insect,  and,  moreover,  the  similarities  between  Pelo- 
myxa and  the  structure  known  as  Bathybius  are  not  so  close 
as  Greef  at  one  time  supposed.  Pelomyxa  is  figured  in  three 
plates,  and,  as  its  discoverer  remarks,  has  great  similarity  to 
the  Plasmodium  of  some  Myxomycetes,  which  it  may  very 
possibly  prove  actually  to  be.  It  has  been  found  in  old 
ponds  at  Popplesdorf,  near  Bonn,  and  also  more  recently 
near  Marburg.  The  amoeboid  masses  are  large,  often  dark 
brown  in  colour,  protruding  lobose  hyaline  pseudopodia.  The 
ground  substance  contains  numerous  nuclei,  hyaline,  homo- 
geneous, highly  refractive  bodies,  and  delicate  rod-like  bodies. 
Under  certain  conditions  the  Pelomyxa  mass  gives  rise  to 
large  swarms  of  minute  Amoebae,  which  Greef  followed  in 
some  cases  to  a  flagellate,  freely-swimming  condition.  Greef 
regards  Pelomyxa  as  a  multicellular,  or,  rather,  multi- 
nuclear  amceboid  organism,  allied  to  the  Myxomycetes,  but 
to  be  classed  under  the  Rhizopoda. 

News  of  Bathybius. — The  reference  which  Greef  makes 
in  his  paper  to  Bathybius,  and  the  continual  references  in 
zoological  writings  to  that  profoundly  interesting  structure, 
makes  it  desirable  to  record  the  latest  information  which  has 
come  to  hand  bearing  upon  that  supposed  organism.  It  must 
be  remembered  that  the  Bathybius  of  to-day  is  not  Huxley's 
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Batkybiu*,  but  Haeckel's.  Professor  Huxley  suggested  the 
association  of  the  coccoliths  and  coccospheres  with  the  albu- 
minoid slime  which  he  clearly  demonstrated  to  exist  in  spe- 
cimens of  Atlantic  ooze,  and  which  gives  to  that  ooze  a  pecu- 
liar glairy  character.  Professor  Ilaeckel  removed  the 
coccoliths  from  association  with  this  albuminous  material, 
showing  that  they  were  cither  formed  in  a  Radiolarian  fre- 
quenting the  surface,  or  were  independent  surface- organ  isms 
taken  inasfoodnear  Me *wr/ijceby  that  Badiolarian.  Thererc- 
mained,  then,  the  albuminous  ooze-cement,  which  Professor 
Haeckel  still  considered  as  a  definite  organism,  and  of  which 
he  gave  some  drawings  in  the  form  of  networks  derived  from 
the  etody  of  Atlantic  ooze  preserved  in  alcohol.  No  one  would 
certainly  bemore  willing  to  admit  than  both  Professor  Huxley 
and  Professor  Haeckel,  that  .Ba^AySiMs  now  became  a  very  sug- 
gestive subject  for  investigation,  but  could  not  be  admitted  as  a 
satisfactorily  established  independent  organism.  The  deep- 
sea  explorations  of  the  Lightning  and  Porcupine  brought 
no  news  of  Bathybius.  To  establish  its  claim,  what  was  ob- 
viously necessary  was  the  observation  of  it  in  fresh  ooze, 
in  the  living  state.  ProfessorWyville  Thomson,  in  his 'Depths 
of  the  Sea,' is  exceedingly  cautious  in  dealing  with  .Ba^i/^tus. 
He  gives  a  graphic  account  of  the  presence  of  this  slimy 
matter,  and  he  also  says  it  may  be  seen  in  movement,  but  not 
that  he  has  himself  seen  it.  He  also  speaks  of  "  the  viscid 
streams"  of  Bathyhius,  but  has  not  stated  that  he  has  himself 
witnessed  the  phenomenon  of  '  streaming'  in  the  albuminous 
slime  in  question.  Finally,  he  states  that  be  is  by  no  means 
satisfied  that  Bathybius  is  the  permanent  form  of  any  distinct 
living  being.  Different  samples  differ  in  appearance  and 
consistence,  and  Professor  Thomson  thinks  it  not  impossible 
that  a  great  deal  of '  bathybius'  is  a  formless  condition,  con- 
nected either  with  the  growth  and  multiplication  or  with  the 
decay  of  many  different  things.  From  the  Challenger  we 
hear  that  one  of  the  naturalists  has  paid  great  attention 
to  the  ooze,  with  the  object  of  'making  out'  Bathybius. 
He  finds  that  the  Globigerina  mud  is  full  of  the  pseudo- 
podia  of  that  Foraminifer,  worked  up  more  or  less  into 
a  general  slime.  When  alcohol  is  added  to  this  the  pseu- 
dopodial  matter  is  precipitated,  and  this  is  the  precipi- 
tate figured  by  Haeckel  as  Bathybius.  If  large  living  spe- 
cimens of  the  Foraminifera  are  separated  by  the  sieve  from  the 
mud,  and  then  placed  in  alcohol,  a  similar  precipitate  is  ob- 
tained. So  far,  the  prospect  is  not  very  hopeful  for  the 
ultimate  success  of  Bathybius.  But  it  would  be  a  mistake 
to  give  up  the  hypothesis  as  yet.     Professor  Edouard  van 
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meden,  who  recently  spent  some  time  on  the  coast  of  Brazil, 
Tiad  the  intention  of  making  a  special  investigation  of  the 
Bathybian  question,  and  his  results  have  not  yet  been 
announced. 

Development  of  the  Mollusca. — The  embryology  of  the 
MoUusca  is  beginning  to  find  students  in  Germany.  In  the 
*  Niederlandiscbes  Archiv  fiir  Zoologie,'  vol.  i,  part  1,  is  a 
paper  by  Dr.  Emil  Selenka,  the  editor,  on  the  "  First  Forma- 
tion of  the  Embryo  in  Tergipes  claoiger,"  illnatrated  by  a 
plate.  In  part  2  the  same  author  has  a  paper  on  "  The 
Primitive  Layers  of  the  Embryo  in  Purpura  lapillus"  also 
well  illustrated.  Both  these  papers  belong  to  the  newer 
embryology ;  that  is  to  say,  the  author  occupies  himself  with 
the  exact  following  out  of  the  origin  and  disposition  of  the 
cellular  elements  of  the  embryo.  In  his  paper  on  Purpura 
Dr.  Selenka  proposes  to  distinguish  two  modes  of  formation 
of  the  blastoderm — "epiboly"  and  "emboly."  The  former 
is  accompanied  by  the  presence  of  a  large  food-yelk,  and  the 
egg  is  consequently  meroblastic,  or  partially  so.  The  first 
formative  cells  grow  over  the  partially  segmented  or  wholly 
unsegmented  coloured  yelk.  In  emboly  the  egg  is  holo- 
blastic,  and  a  pushing  in  of  the  cells  of  the  primitive  blasto- 
sphere  takes  place. 

Dr.  Salensky,  of  Kasan,  baa  a  paper  with  several  plates, 
on  "  The  Development  of  the  Prosobvanchiata,"  in  '  Kolliker 
und  Siebold's  Zeitschrift,'  4ih  part  for  1S72,  which  has 
much  interesting  matter  on  the  "Veliger"  larval-form  of 
various  genera,  hut  does  not  deal  with  histogenesis. 

The  Development  of  Gastropoda  opisthobranchiata  is  the 
title  of  a  paper  by  Dr.  Paul  Langcrhans  in  the  same  journal, 
part  2  for  1873,  in  which  some  points  in  the  early  develop- 
ment of  Acera  buUata,  Doris  sp.,  and  j^oUs  peregrina  are 
shortly  treated  from  the  point  of  view  of  the  germ-layer 
theory. 

Development  of  Motifera. — The  paper  by  Dr.  Salensky,  of 
Kasan,  on  "The  Development  of  the  Rotifer  Brachtonus 
urceolaris,"  of  which  we  gave  last  year  a  brief  notice,  is  pub- 
lished in  full,  with  a  coloured  plate,  in  •  Koll.  und  Sieb. 
Zeitschrift,'  1872,  4th  part. 

Development  of  the  Bryonoa.  —Dr.  Heinrich  Nitsche,  in  the 
same  journal,  has  an  inleresiing  note  apropos  of  Metsehni- 
koff's  observations  on  the  development  of  .^fcj/one//a.  Nitsche 
has  made  a  detailed  study  of  this  at  Leipzig,  and  we  may 
anticipate  a  memoir  from  him  on  the  subject.  Meanwhile 
Professor  Smitt  points  out  that  in  relation  to  certain  repro- 
ductive processes  he  has  been  misunderstood   by   Nitsche, 
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owing^  as  he  supposes^  to  the  difficulties  of  the  Swedish 
language.  We  may  hope  that  Professor  Smitt  will  add 
himself  to  the  number  of  those  Scandinavian  naturalists — 
including  Mr.  G.  O.  Sars  and  .Professor  Thorell — who  have 
recently  adopted  the  English  language  for  the  purposes  of 
scientific  publication. 

The  Formation  of  the  Orsum,  Fate  of  the  Germinal  Vesicle, 
and  First  Appearance  of  the  Blastoderm  in  the  Bony  Fishes 
and  other  Vertehrata. — ^We  are  not  able  to  do  more  on  the 
present  occasion  than  draw  the  reader's  attention  to  the 
important  work  and  controversy  which  is  going  on  upon 
these  questions. 

The  papers  of  Dr.  Oellacher  are  to  be  found  in  ^  Schultze's 
Archiv/  vol.  viii,  part  1,  and  a  more  recent  paper  in  ^KoU. 
und  Siebold's  Zeitschrift,'  vol.  xxiii,  1873. 

Van  Bambecke  has  published  in  ^  Comptes  Rendus^'  t* 
Ixxiv.  No.  16,  April,  1872,  a  paper  entitled  "  Premiers  effets 
de  la  fScondation  sur  les  oeufs  des  poissons,"  &c. 

Professor  His  has  published  a  separate  work  at  Leipzig, 
lavishly  illustrated,  on  the  structure  and  mode  of  growth  of 
the  e^^  of  bony  fish. 

Dr.  Goette  treats  of  the  same  general  questions  in  a  paper 
in  *  Schultze's  Archiv,'  vol.  ix,  4th  part,  1873.  References 
to  the  earlier  papers  of  Strieker,  Klein,  &c.,  are  given  in  the 
above  papers. 
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Jtme  Uh,  1873. 
Chables  Bbooke,  Esq.,  F.E.S.,  President,  in  the  chair. 

A  paper  was  read  by  Mr.  Kitton,  of  Norwich,  on  "  Aulaco^ 
di!cu8  Jbrmosus,  Omphalopelta  versicolor,  &c.  "  giving  an  account 
of  certain  species  of  Diatomace®,  some  of  them  new,  from  the 
harbours  of  Peru  and  Bolivia. 

Mr.  J.  W.  Stephenson  took  the  opportunity  of  stating  that  to 
his  surprise,  he  found  that  the  mode  of  dividing  the  cone  of 
light  in  his  erecting  binocular  microscope  by  means  of  two  prisms 
was  used  by  Professor  Kiddell,  of  New  Orleans,  in  the  year  1853, 
in  his  form  of  binocular.  The  arrangement  of  that  instrument 
differed,  however,  from  his  own  in  certain  respects.  He  had  only 
just  heard  of  Professor  Eiddell's  invention. 

Mr.  Stephenson  then  read  a  paper  entitled  "  Observations  on 
the  Inner  and  Outer  Layers  of  Coscinodiscus  when  Examined  in 
Bisulphide  of  Carbon  and  in  Air."  The  paper  introduced  a 
method  of  "  Determining  the  structure  of  minute  organisms 
by  means  of  the  refractive  indices  of  the  media  in  which  they 
are  examined."  Attention  had  lately  been  drawn  to  this  method 
by  Mr.  Charles  Stewart,  who  had  applied  it  to  determine  the  com- 
position of  specules  in  Echinodermata.  Its  result  in  the  present 
instance  was  to  show  that  the  central  spot  in  certain  hexagonal 
areolaB  of  Coscinodiscus  was  really  a  perforation  and  not  a  de- 
pression or  elevation. 

October  Ist,  1873. 

C.  Beooke,  Esq.,  F.E.S.,  President,  in  the  chair. 

A  paper  was  read  by  Dr.  Maddox  "  On  an  Organism  found 
in  Eresh-pond  w'ater."  These  bodies,  found  in  a  small  pond  in 
the  New  Forest,  appear  to  belong  to  the  Protozoa.  They  con- 
sist of  irregularly  circular  or  sub-globular  sarcodic  or  muco- 
gelatinous  masses,  often  very  bright  at  the  edge,  containing  small 
granular  or  corpuscular  bodies  of  various  sizes  and  of  a  highly 
refracting  nature,  the  whole  having  a  very  strong  violet  or  lilac 
tint  when  seen  by  transmitted  light.  The  masses  differ  very  con- 
siderably in  dimensions,  the  smallest  containing  only  a  few  of  the 
capsules,  the  largest  a  very  great  number.  In  many  of  the 
medium  size  and  moat,  if  not  all,  of  the  larger  ones,  the  general 
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mass  appeared  to  be  vacuolated,  often  very  irregularly,  with  tts 
outlineH  of  the  Tacuolea  indiBtinct,  or  rather  iJl  defined.  Upon 
long  watching,  the  relation  of  these  to  eath  other  might  now 
ana  then  be  seen  to  alter,  yet  there  was  no  appearance  of  pulsa- 
tion. In  only  those  esainples  were  any  projections  noticed  haying 
the  character  of  pseudopodial  protrusioue,  and  these  were  ex- 
ceedingly delicate,  abort,  and  seemed  ill-fitted  for  progression  of 
the  masses  in  the  ordinary  manner  of  pseudopods.  There  was  a 
alight  change  of  general  shape,  bat  no  complete  revolution.  No 
motion  was  seen  in  the  imbedded  maesee.  Some  of  the  masses 
appeared  to  have  a  certain  tendency  to  diffluence  ;  in  others,  the 
substance  was  condensed  into  a  distinct  structureless. cell  mem- 
brane or  cell  envelope.  When  this  was  ruptured,  the  small 
granules  or  corpuscles  were  set  free  and  moved  about  much  after 
the  fashion  of  mobile  zoospores.  The  author  finds  it  difficult  to 
relegate  these  bodies  to  any  definite  place  amongst  either  the 
Phytozoa  or  Protozoa,  though  they  fiill  he  thinks  more  nearly  to 
the  naked  Bhizopoda. 

A  paper  by  Mr.  Kitton  of  Norwich,  on  some  new  species  of 
Diatomacew,  was  taken  as  read.  The  species  described  were 
irom  the  genera  Aalaeodiseut,  Stictodiseus,  Islkmia,  Nitzsckia, 
Tryhlionella. 

Mr.  Wenham  made  some  remarks  upon  the  microscopical 
effects  produced  upon  glass,  by  which  the  "sand-blast  process," 
which  was  exhibited  at  the  recent  meeting  of  the  British  Asso- 
ciation. 

Mr.  Stewart  exhibited  under  the  microccope  a  specimen  of  a 
Bpermatophore  of  the  common  squid  {Loligo  vulgaris).  JB 

November  5th,  1873.  ^| 

Chableb  Beooke,  Esq.,  F.S.S.,  President,  in  the  chair, 

A  paper  was  read  by  the  Eev.  W.  H.  Dallinger  and  Dr.  J. 
Diysdale  on  some  further  researches  into  the  Life  History  of  the 
Monads. 

The  authors  have  succeeded  in  making  out  the  life  history  of 
three  forms  which  they  believe  to  be  hitherto  undescribed. 

The  form  which  they  specially  notice  is  met  with  in  vast  num. 
here  in  the  putrefying  fluid  resulting  from  the  maceration  of 
any  of  the  Gadidffi.  Its  average  length  is  about  3050''^  "f  ''Q 
inch,  its  form  oval  and  it  is  furnished  with  flagelia.  Itexhibits 
a  remarkable  mode  of  fiasion,  by  close  observation  of  which  (with 
a  jinth  0*"  3^  i°'^'»  object  glass),  the  authors  arrived  at  the  life 
history  thus  Bummarit«ed.  The  usual  method  of  multiplication 
is  by  fission,  which  goes  on  apparently  to  exhaustion.  Amongst 
enormous  numbers  there  are  a  few  distinguished  from  the  others 
by  a  Blight  increase  in  size,  and  the  power  to  swim  freely.  These 
become  still ; — for  a  time  amoeboid — then  round ;  a  small  cone  of 
sarcode  ahoota  out  dividing  and  increasing  with  another  part  of 
Sagella.     Tbe  disk  splits,  each  side  becomes  igoraeased  of  a  nucle^^^ 


body,  and  two  well-formed  monads  are  aet  free.  These  swim 
freely  until  they  attach  themselves  to  an  ordinary' form  that  has 
juet  completed  fission,  so  that  the  nuclei  are  approximate.  Sar- 
code  and  nuclei  melt  iato  each  other ;  the  form  becomes  free, 
Bwimmiog  and  irregular  in  shape^reata— loses  its  flagdla ;  be- 
coroea  clear  and  distended ;  then  burata  at  the  angles,  pouring  out 
indescribably  minute  gritnulea  from  which  myriads  of  new  forma 
arise  and  repeat  the  cycle. 

Mr.  Alfred  Sanders  read  a  paper  "  On  the  Art  of  Photo- 
graphing Microacopic  Objecta,"  in  which  he  showed  that  the 
costly  apparatus  and  elaborate  arrangements  frequently  regarded 
aa  essentia!  to  success  might  readily  be  diapensed  with,  and  the 
moat  satis&ctory  results  obtained  with  appliaacea  of  the  eimpleat 
kind. 

Mr.  S.  J.  M'Intire  read  a  paper  entitled  "  Notes  on  Acnrellus," 
id  which  he  described  certain  insecta  found  parasitic  upon  Obiiiant, 
and  closely  resembling  the  Hifopug  of  the  Micrographic  Dic- 
tionary, and  the  insect  mounted  by  Mr.  Topping  under  the  name 
of  "  Parasite  of  Houae-fly."  The  paper  was  illustrated  by  draw- 
ings and  specimens,  both  alone  and  mounted. 

^H  Medical  Migbosoofical  Sooibtt.  ^H 
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The  following  ia  an  abatract  of  Mr,  Hogg'a  paper  read  at  a 
previoua  meeting  of  the  Society  on  "  the  Pathological  Relations  of 
the  Diphtheritic  Membrane  and  the  Croupous  Cast." 

Much  misapprehension  rests  on  this  subject ;  some  practi- 
tioners decide  at  once  on  what  they  believe  to  be  the  character  of 
the  membrane.  Other  authorities,  aa,  for  instance  Sir  T.  Watson, 
give  in  their  adhesion  to  the  unity  of  all  membranous  afi'ections. 
Although  the  epidemic  of  diphtheria  in  1858  and  1850  attracted 
much  attention  to  the  8ubject,andmanyapeeimen8  were  exhibited 
by  members  of  the  Pathological  Society  of  London,  very  coufUct- 
ing  statements  were  made  about  their  histological  character.  In 
the  author's  opinion,  the  diseasea  are  very  different.  "  While  one 
disease,  diphtheria,  ia  most  decidedly  epidemic  and  endemic,  often 
wide -spreading  and  affecting  a  large  proportion  of  adults,  and 
probably  belonging  to  a  apeciflc  form  of  fever  ;  the  other,  croup, 
IS  essentially  sporadic,  often  a  local  affection,  not  communicable, 
or  only  so  in  a  small  degree,  as  when  a  family  predisposition 
eiists,  mostly  occurring  in  ehUdhood,  and  rarely  after  it  ia  fairly 
passed,"  Histologically,  also,  he  maintains  that  a  sharp  line  con  be 
drawn  between  the  diplitheritic  membraue  and  the  croupous  cast. 

As  to  the  naked-eye  appearances,  the  diphtheritic  membrane  ia 
adense  compact,  opaque,  yellowish- white  or  re ddish-grey  coloured 
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masB,  of  from  hnlF  a  line  to  five  or  sii  linea  in  tliickness.  It  is 
viaTiolly  firmly  adherent  to  the  Buhjacent  tnembrane,  upon  which  it 
ia  moulded ;  is  more  or  leBB  iriable,  bo  that  when  traction  is  made 
upon  it  with  a  pair  of  forceps,  it  comes  away  piecemeal,  or  in  » 
layer  somewhat  resembling  felt  or  chamoie  leather.  If  forcibly 
detached,  a  breach  of  surfocc  ia  made,  and  bleeding  generally 
follows  its  separation,  aa  the  mucous  membrane  is  much 
congested. 

The  croupous  cast,  on  the  other  hand,  ia  semitransparent, 
delicate,  and  tender  to  handle,  often  gelatinous  or  white-of-egg- 
like,  and  of  a  pale  yellow  colour  ;  eaBily  separable  from  the  sub- 
jacent surface,  aa  an  imperfect  cast  of  the  part  on  which  it  is 
formed,  and  never  so  closely  connected  with  it,  as  to  cause  bleed- 
ing when  removed.  It  is,  in  short,  a  simple  epithelial  layer  closely 
resembling  the  akin  shed  by  some  of  the  lower  animals — an  out- 
growth of  epithelial  cells  undergoing  degeneration  of  protoplaSm 
and  entangling  granular  molecules. 

As  to  the  histological  characters,  in  diphtheria  the  normal 
tissues  are  seen  to  be  replaced  by  an  aggregation  of  compressed 
cells,  molecules  of  fat,  connective  or  fibrous  tissue,  a  few  crystals 
muco-purulent  or  granular  corpuscles,  foreign  bodies  as  starch 
granules,  or  other  portions  of  food,  and  spores  of  Oidium 
albicans.  It  ia  surmised,  therefore,  that  the  felt-like  membrane 
is  made  up  of  superficial  and  deep  tissues ;  mucous  membranes, 
voluntary  and  involuntary  muscles,  and  glands,  and  produces 
great  tension  and  decomposition,  or  ulcerative  destruction.  Not 
a  trace  of  columnar  epithelium  was  seen  in  any  specimen. 

The  croupous  cast  is  seen  under  the  microscope  to  consist  of 
pavement  and  cylindrical  or  columnar  epithelium,  and  ia  a  trans- 
parent albuminous  aubstanee  entangling  the  scattered  contents  of 
epithelial  cells,  molecular  matters,  fat  and  raucous  corpuscles, 
and  a  few  foreign  bodies,  as  starch,  granules  involved  in  a  homo- 
geneous matrix.  The  columnar  epithelium  retains  its  cilia^  each 
cell  being  filled  with  clear  protoplasmic  and  nucleated  contents. 
Fungus  spores  are  rarely  found  in  these  films,  which  appear  to 
partake  of  the  nature  of  an  extensive  cell  proliferation  rather 
than  of  a  transudation  or  true  exudation. 

The  objects  were  partly  examined  in  the  fresh  state,  partly 
stained  and  dried ;  fine  sections  being  then  made  and  mounted 
in  dammar  or  Canada  balsam. 


DUBLIN    MICROSCOPICAL  CLUB.  105 


Dublin  Miceoscopical  Club. 
26th  June,  1873. 

Synedra  investiens,  W.  Sm.  exhibited. — ^Ebv.  E.  O'Meara 
showed  a  slide  oi Syned/ra investiens  (W.  Sm).  He  had  found  this 
form  in  Kingstown  H^bour,  where  he  believed  it  had  been  found 
by  Captain  Crozier ;  recently,  too,  Mr.  O'Meara  had  found  it  on 
seaweeds  collected  by  him  at  Howth. 

Microscopic  Mnger. — Dr.  J.  Barker  showed  a  **  microscopic 
finger  "  he  had  himself  constructed  after  the  American  model,  with 
certain  improvements,  and  spoke  of  some  modifications  he  had 
been  thinking  of  to  effect  certain  further  improvements,  so  as  to 
cause  the  prehension  of  the  object  to  be  effected  by  a  purely  ver- 
tical, not  sweeping,  action ;  he  hoped  to  experiment  ere  long  in 
carrying  out  these  alterations. 

Oof^rigated  state  of  Desmidium  Swartzii, — Mr.  Crowe  re- 
corded the  occurrence  of  the  conjugated  state  of  Desmidium 
Swartziif  a  very  common  desmid,  but  very  rarely  found  show- 
ing zygospores.  In  fact,  it  does  not  seem  to  have  presented 
itself  to  any  members  of  the  Club  in  that  condition  since  the 
occasion  on  which  it  was  recorded  by  Mr.  Archer,  18th  May, 
1867.  The  figure  given  by  Ralfs  is  very  graphic,  though, 
as  pointed  out  on  that  occasion,  two  filaments  are  really  con- 
jugated and  the  spores  formed  from  the  combined  contents  of 
two  distinct  apposed  joints,  not,  as  Ralfs  supposed,  owing  to  the 
extremely  close  juxtaposition  of  the  pair  of  flat-sided  fila- 
ments, by  the  mere  consolidation  of  the  contents  of  a  single 
joint. 

Ghreen  Epistylis. — Mr.  Porte  showed  fine  examples  of  the  green 
I^pistylis  commonly  found  growing  on  the  shells  of  aquatic  snails. 
Beade*s  Frism, — Mr.  Robinson  exhibited  some  beautifully 
mounted  diatoms  by  the  aid  of 'Reade's  prism,'  which,  however, 
was  not  pronounced  so  satisfactory  as  that  of  Amici,  which  he  had 
shown  to  the  Club  on  a  recent  occasion. 

Sairs  from  flower  of  Cypripedium  caudatum, — Dr.  Moore 
showed  the  hairs  from  the  fiower  of  the  curious  Cypripedium 
caudattim.  The  hairs  seemed  of  two  sorts — colourless,  rather 
stout  threads,  with  clavate  ends,  and  more  attenuated  threads,  with 
light  red  contents,  these  together  forming  the  pretty  pile  apparent 
to  the  unaided  eye. 

29th  July,  1873. 

Fungus  on  Sanguisorha-leaf — Mr.  Crowe  showed  Xenodochus 
carhonarius,  a  fungus  found  on  Sanguisorba-leaf  forwarded  by 
Rev.  J.  H.  Vize  ;  the  elegant  moniliform  arrangement  of  the  cells 
caused  it  to  form  an  interesting  object. 

New  Stand  for  AmicVs  Prism. — Mr.  Porte  showed  a  new 
arrangement  by  means   of  two   **  ball-and-socket "   joints  and 
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"teleacopic"  stem  for  mounting  Amiei'a  priBtn,  which  he  had 
devised  and  constructed,  and  which  he  found  in  use  a  very  conve- 
nient form  of  Htand  ;  he  thought  this  could  he  produced  bj  makers 
more  cheaply  than  the  ordinary  stand.  He  was  atrouglv  in  favour 
of  this  illumination,  aa  both  readily  managed  as  well  as  highly 
effective  in  showing  the  teat  marhings  of  critical  diatoms,  and 
hence  aa  valuable  in  ordinary  uae. 

DiatomeUa  Balfouriana  etvhibiied.— Mr.  Porte  showed  Dia- 
lamella  Balfouriana  taken  at  Killamey  on  a  late  excursion 
thither;  thia  diatom  waa  in  Mr.  O'Moara'e  experience  rather  a 

Oorrigendum  in  reference  to  Joeality  for  Trgblionella  debilis,  Am. 
— Bev.  E.  O'Meara  deaired  to  correct  an  error  which  had  crept 
into  the  "  Minutes  "  in  reference  to  the  record  of  TryUionella 
debilis,  Arnott  (aee  the  Club  Minutes  of  2nd  Nov.,  1872),  which 
was  quoted  as  found  by  Dr.  Arnott  in  "  S.  Brittany,"  in  place  of 
"  North  Britain,"  having  been  found  at  Marv-Hill  Bridge,  Glas- 
gow. For  thia  correction  the  Club  is  indebted  to  its  corresponding 
member,  Mr.  Kitton. 

Navioula  spectattgtima  (?)  Jrom  Seychelles. — Eev.  E.  O'Meara 
exhibited  a  Navieula  which  he  considered  identical  with  N.  gpecta- 
tisaima,  Grev.  The  atriation  is  preciaely  the  same  aa  that  of 
Greville's  form,  but  the  marginal  portion  not  by  any  means  so 
wide,  and  the  edges  not  waved.  Only  two  apecimeaa  were  found 
in  the  gatherings  Irom  the  Seychelles. 

Daagdytes  antenniger,  Oosse,  and  Ckmtonotus  graeilis,  Qosse, 
exhibited  for  the  firtt  'time  at  Irish. — Mr,  Archer  showed,  side 
by  side,  examples  of  the  seemingly  rare  forma  of  "  hairy- 
backed  "  anJnuUcules  Dasydytm  antenniger,  Qoase,  and  Cha- 
tonotue  gracilis,  Qosae.  The  former  he  had  never  happened 
to  notice  before,  and  the  latter  only  rarely.  Both  occurred 
in  gatherings  from  Co.  Westmeath;  they  were  both  rare  to 
Goaae  himself,  he  having  seen  but  one  specimen  of  C.  gracilis, 
and  D.  antenniger  occurred  but  once  to  him  in  a.  pond  near 
Leamington.  They  are  both  very  elegant  creatures.  C.  gracilis 
is  large  and  long,  elegantly  marked,  comparatively  alow  and  very 
graceful  in  ita  movements  aa  it  glides  about  hither  and  thither ; 
the  much  more  minute  D.  antenniger  is  a  headlong  and  reatleas 
swimmer,  very  difficult  to  catch  a  steady  view  of  Luckily  on 
the  present  occasion  one  waa  caught  in  a  little  vacant  eneloaure 
amongst  the  dirt  on  the  slide,  and  a  good  view  was  obtained.  The 
creature  seemed  to  have  the  power  tu  depress  aud  elevate  the 
"  antennffi." 

Anthocerot  Imvis  exhibited  for  the  first  time  as  Irish. — Pro- 
fessor Lindberg,  of  Helaiugfors,  with  whose  company  the  Club 
waa  honoured  on  this  occasion,  showed  specimens  of  Antho- 
's  taken  by  himself  and  Dr.  Moore  (on  a  recent  journey 
to  Cos.  Kerry  and  Cork,)  at  Ventry,  thia  being  the  first  occasion 
of  thia  species  being  found  in  Ireland.  Dr.  Lindberg  ahowed  the 
jaiauteiy  yerrucose  spores,  with  their  elaters,  under  the  micro- 
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nscope,  and    explained    the    peculiarities    of    etructure   of  this 
genuB. 

Minute  egg-shaped  deposits  on  shell  of  hen'g  egg. — Mr.  Ro- 
bioBoD  showed  a,  portion  of  the  shell  of  a  lien'a  egg  having 
a  group  of  little  egg-shaped  deposite  on  ita  aurface,  crowded 
densely,  which  when  viewed  under  a  moderate  power  looked 
wonderfully  like  a  group  of  full-sized  real  eggs.  iJuch  little 
deposite  are  occasionally  seen  on  egg-shells.  ' 


t2%th  August,  1873.  ^M 

Diatoms  Jrom   Hot   Springs  of   Azores. — liev.    E.   O'Meara    ^H 
ought  before  the  meeting  the  general  results  of  his  examination     ^B 
ame   colleetione,   from    Hot    Springs    and    some   way-side 
rua  in  Azores  collected  by  Mr.  Mosely,  of  the  Challenger 
lition.      The  majority  of  the  sediments,   in   the    form   of 
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r  J}iatoma  Jrom  Sot  Springs  of  Azores. — Eev.  E.  O'Meara 
^ught  before  the  meeting  the  general  results  of  his  examination 
of  some  colleetione,  from  Hot  Springs  and  some  way-side 
strewus  in  Azores  collected  by  Mr.  Mosely,  of  the  Challenger 
expedition.  The  majority  of  the  sediments,  in  the  form  of 
solid  lumps,  from  the  former,  contained  no  diatomacenus  forma  j 
however,  one  of  these,  duscribed  as  found  floating  on  the 
surface  of  the  Lake  of  Eurnas,  and  producing  a  tough  mass  like 
india  rubber,  but  tenacious,  contained  diatoms  in  abundance. 
The  gatherings  put  up  in  bottles  with  spirit,  whether  from  the 
hot  or  cold  water,  produced  diatoms,  but  of  the  common  British 
kinds.  The  collections  which  were  of  the  most  interest  were 
those  from  the  very  hot  water,  inasmuch  as  from  such  a  habitat  it 
was  to  be  eipected  some  light  would  he  thrown  on  the  question 
as  to  what  high  temperature  can  the  lower  organisms,  animal  and 
vegetable,  endure  without  detriment.  The  following  diatoms, 
amoDgst  algiQ  and  some  desmids,  occurred  in  these  hot-water 
gatherings: — Synedra  limaria,  Finnularia  gibba,  Mimantidium 
arcus,  Cgmbella  affinis,  Oomphonema  tenellum,  &.  diehofomum. 

Algm  and  Ithizopoda  from  Hot  Springe  of  Azores. — Mr.  Archer 
shovred  several  forma  of  Algw  met  with  by  him  in  the  same 
gatherings  from  Azores  collected  by  Mr.  Mosely.  Amongst 
these  were  not  only,  as  would  be  to  be  expected,  phycochro- 
maceouB  forms,  but  also  chlorophyllaceous,  both  hlamentoua 
and  unicellular.  None  of  the  former  could  be  specifically  identified, 
as  not  an;  examples  were  seen  in  a  fertile  condition.  Amongst 
these  were  species  of  Conjagata — Spiroggra,  Mesocarpus  (most 
prohably);variousDeBmidie»;of  ffidogoniete — (Edagonium,  Sulbo- 
ehtele;  of  Coleochratea— CofeocAieie,-  a'i'&cjtoufime^—Tolgpothrue; 
of  unicellular  forms — Botrgoeoecua  SraanO,  and  others  ;  various 
Pediastreffi  ;  also  Ankistrodetmua  falcatus.  Not  only  were  there 
these  algte,  but  the  remains  of  various  Ehizopoda  occurred — Arcella 
aculeata  (so  called),  Trinema  acinus,  JSuglgpka  alveolata,  one  or  two 
Bifflugiie ;  Dinobrgon  sertularia  also  occurred.  Thus  in  this  hot 
water  occurred  so  many  forma  equally  met  with  in  our  home  cool 
pools.  How  high  the  temperature  exactly  of  Furnas  Ijuke,  whence 
these  emanated,  was  not  certaio.  Mr.  Mosely,  having  at  the 
time  no  means  of  taking  the  temperature,  seems  to  quote  from 
other  Bourcee  the  temperature  of  this  lake  as  ranging  from  23" 
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to  even  aa  much  as  90^  C.  The  form-apecies  in  the  gatherings, 
or  those  whose  identity  ia  recognisable  without  fructification, 
were  absolutely  the  same  in  every  respect  to  their  congeners  at 
home;  so,  no  doubt,  would  the  others  prove  to  be,  had  they  been 
in  fruit.  Mr.  Archer  hoped  to  revert  on  another  occasion  to 
the  forma  which  had  presented  themselves  in  this  interesting 
gathering. 

Orystah  from  a  Cactitg. — Dr.  Moore  sWwed  crystals  from  the 
ceUs  of  an  unknown  spocies  of'  Cactus,  of  handsome  appearance, 
probably  of  oxalate  of  lime ;  they  produced  rotund  groups,  the 
crystals  radiating  from  a  common  centre,  their  facetted  extremi- 
ties forming  the  superficies  of  the  globe.  Mr.  Tichbome  under- 
took to  examine  these  in  a  chemical  point  of  view. 

Amceboid  moeements  of  corpuscles  of  frog's  blood. — Mr.  B. 
WUla  Kichardson  made  a  very  satisfactory  demonstration  of  the 
'amoeboid'  movements  of  the  white  corpusclea  of  the  frog's 
blood  and  of  the  corpuscles  charged  with  refractive  granulea. 
The  movementa  were  truly  ftmosboid  and  highly  charncteriatic  ; 
the  refractive  granules  likewise  were  seen  in  active  motion  in  each 
amceboid  mass  containing  them.  Several  of  these  were  seen  to 
move  across  the  field,  and  in  doing  ao  passed,  on  more  than  one 
occasion,  either  over  or  under  stationary  red  blood-corpuscles. 
Two  of  the  granule-containing  amoahoid  corpusclea,  when  moving 
in  opposite  directions  acroas  the  field,  came  in  contact  with  one 
another.  Their  apposed  surfaces  then  became  parallel,  and  the 
corpusclea  themselves  were  carefully  watched  by  some  of  the 
members  present  to  see  if  they  would  "conjugate"  or  coalesce. 
Instead  of  doing  so,  however,  they  immediately  separated,  and  each 
retraced  its  course  to  the  portion  of  the  field  whence  it  came.. 
The  stage  used  for  the  occasion  was  an  ordinary  Strieker's  hot- 
stage,  made  and  alightly  modified  for  Mr.  Kichardson  by  Spencer, 
of  Grafton  Street,  Dublin.  The  blood,  when  taken  from  the  frog, 
was  at  once  placed  on  the  glass  and  with  a  very  thin  cover.  To 
prevent  evaporation  a  little  spermaceti  oil  was  applied  with  a 
fine  sable  peoeil  to  the  margin ;  this  was  done  sparingly  and  very 
carefully,  in  order  that  the  oil  might  not  run  in.  The  objective 
need  waa  ^"  Boss,  but  probably  a  ^'jj"  or  ■^"  would  be  a  better 
power  for  demonstrating  the  movementa  of  the  refractive 
granules  to  those  who  might  be  inexperienced  in  microscopical 
observation. 
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CoKTRiBUTiONS  to  the  Ai:i ATOiiY  of  the  Sympathetic  Ganglia 
of  the  Bladder  in  their  Relation  to  the  Vascular 
System.    By  Francis  Darwin.    (With  Plates  V  and  VI.) 

The  work  which  forms  the  basis  of  this  paper  was  under- 
taken at  the  laboratory  of  the  Brown  Institution^  at  the 
suggestion  and  under  the  supervision  of  Dr.  Klein  ;  and  it  is 
a  pleasure  to  me  to  express  my  great  obligation  to  him  for 
the  kind  manner  in  which  he  has  in  every  way  aided  me. 

In  Cohnheini's  latest  work  on  Inflammation  (^  New  Re- 
searches on  Inflammation/  by  Dr.  Julius  Cohnheim,  Berlin, 
1873)  he  describes  the  dilatation  which  may  be  produced  in 
the  vessels  of  the  frog's  tongue  by  the  direct  irritation  of  that 
organ.  And  in  his  discussion  as  to  the  manner  in  which  the 
phenomena  are  produced,  he  states  his  opinion  that  there  is 
no  reflex  mechanism  effected  by  peripheral  ganglion  cells, 
"  for,  in  the  first  place,  such  ganglia  are  not  demonstrated  as 
yet,  and,  in  the  second  place,  no  case  is  known  in  which 
reflex  action  takes  place  independently  of  the  central  nervous 
system."  It  is  with  the  first  of  these  reasons  only  that  we 
are  at  present  concerned.  It  is  undoubtedly  true  that  no  such 
ganglia  have  been  as  yet  pointed  out  in  the  frog's  tongue,  but 
in  other  organs  they  have  been  demonstrated.  Dr.  Lionel 
Beale,  in  the  ^  Philosophical  Transactions '  for  1863,  has 
described  and  figured  cells  of  this  nature ;  fig.  46,  plate  xl, 
represents  "  a  portion  of  the  coat  of  a  branch  of  the  iliac 
artery  of  the  frog ;  upon  the  surface  external  to  the  muscular 
fibres  are  seen  some  ganglion  cells  in  process  of  development 
with  their  fibres,  which  ramify  upon  the  muscular  coat."  Dr. 
Beale  also  says,  in  the  *  Monthly  Microscopical  Journal'  for 
August,  1872,  p.  57,  "  In  the  bladder  of  the  frog  I  have  been 
able  to  follow  fine  nerve-fibres  from  the  ganglia  both  to 
arteries  and  capillary  vessels."  In  another  place  Dr.  Beale 
says  that  similar  fibres  may  be  traced  in  small  mammals, 
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from  the  gangli»  situated  between  the  mucous  and  muBCulm 
coats  of  the  intestine  to  capillary  vessels.  Dr.  Klein  sug- 
gested that  the  relations  of  ganglia  to  blood-vessels  might  be 
conveniently  studied  in  the  rabbit's  bladder,  where  he  has 
abeady  pointed  out  the  existence  of  numerous  sympathetic 
ganglia  ('  Handbook  for  the  Physiological  Laboratory,'  p.  73). 
The  ganglia  are  found  inconsiderable  numbers  in  the  bladder 
of  this  animal,  but  are  more  especially  numerous  in  that  of 
the  dog.  In  the  rabbit's  bladder  they  are  found  most 
abundantly  on  the  thickened  lateral  edges  of  the  organ,  along 
which  the  main  blood-vessels  also  take  their  course ;  in  the 
dog  they  are  more  numerous  on  the  posterior  than  on  the 
anterior  surface  of  the  bladder. 

The  method  employed  was  that  recommended  by  Dr.  Klein 
(loc.  cit.),  viz.  "bits  of  the  fresh  bladder  are  coloured  with 
chloride  of  gold,  and  then  steeped  in  acidulated  water  until 
they  swell  out  into  a  gelatinous  translucent  mass,  then  mem- 
branous fragments  stripped  off  with  the  forceps,  or  snipped 
off  with  the  scissors,  are  spread  out  and  covered  in  glycerin." 
I  found  it  best  to  keep  the  bladder  intact  until  after  it  had  been 
treated  with  the  acidulated  water ;  if  it  is  cut  in  half,  the  two 
pieces  turn  inside  out  as  they  swell  up,  and  it  is  then  very 
much  more  difficult  to  snip  off  thin  strips  from  the  external 
surface.  The  fragments  should  be  placed  on  the  glass  slide 
with  their  external  surface  downwards. 

The  ganglia  are  situated  in  the  external  coat  of  the  bladder, 
and  are  of  such  a  size  that  many  of  them,  in  the  dog's  bladder 
at  least,  can  be  seen  with  the  naked  eye.  Fig.  1  represents 
the  posterior  surface  of  the  bladder  of  a  young  puppy,  as  seen 
with  a  very  low  power.  It  shows  the  general  arrangement 
of  the  ganglia  aud  the  manner  in  which  they  are  connected 
with  each  other  by  nerve-trunks ;  it  will  be  noticed  that  they 
form  chain-like  plexuses  running  with  the  principal  blood- 
vessels of  the  bladder ;  a  chain  of  minute  ganglia  may  also 
be  remarked  running  partly  round  the  base  of  the  bladder. 

The  ganglia  are  of  various  sizes :  the  largest  one  observed 
has  a  long  diameter  of  0'9  ram.,  and  a  transverse  one  of 
072 ;  one  of  the  small  ganglia  is  009  mm.  in  length  by 
0045  mm.  in  breadth.  They  present  considerable  variety  iu 
tlieir  shapes  and  have  irregular  outlines,  which  may  be 
roughly  circular,  oval,  or  polygonal.  The  nerve-trunks  with 
which  they  are  connected  are  made  up  of  non-medullated 
nerve-fibres,  with  a  fewi  mednllated  fibres  appearing  oc- 
casionally. The  ganglia  are  either  situated  at  the  points  of 
intersection  of  several  nerve-trunks  or  they  are  found  seated 
.ou  aiugle  trunks.     In  the  former  case  the  groundwork  of  tl 
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ganglion  is  made  up  of  fibres  passing  in  different  directions^ 
which  form  the  means  of  communication  between  the  different 
nerve-trunks ;  around  this  fibrillar  core  the  ganglion  cells 
are  arranged,  and  with  it  their  processes  are  incorporated. 
Contiguous  nerve- trunks  often  communicate  with  each  other 
by  fibres  which  do  not  pass  through  the  ganglion,  but 
which  form  a  peripheral  meshwork,  as  at  the  smaller  end  of 
ganglion  i  in  fig.  3.  When  the  ganglia  are  not  thus  situated 
at  points  of  intersection  and  interchange,  they  are  found  to 
be  connected,  as  before  stated,  with  single  nerve- trunks. 
The  simplest  form  of  ganglion  is  that  figured  by  Dr.  Klein 
in  the  Handbook,  where  the  nerve-trunk  is  enlarged  at  one 
place  by  a  group  of  ganglion  cells  lying  among  its  fibres.  In 
other  cases  the  number  of  cells  is  greater,  and  the  ganglion 
presents  the  appearance  of  a  cluster  of  cells  traversed  by  a 
nerve-trunk ;  there  is  a  variety  of  this  arrangement  in  which 
part  of  a  nerve-trunk  forms  the  axis  of  a  ganglion,  while  the 
remainder  of  the  fibres  pass  close  underneath  the  ganglion 
without  being  connected  with  it.  Lastly,  a  ganglion  may  be 
situated  on  a  nerve-trunk  at  its  point  of  departure  from  a 
larger  one,  and  in  that  case  usually  receives  recurrent  fibres 
coming  from  the  parent  trunk  beyond  the  point  of  division. 

The  ganglion  cells  are  of  irregular  spherical  and  ovoid 
shapes,  and  are  about  0'02  mm.  in  length ;  they  are  made  up 
a  finely  granular  substance,  and  contain  a  single  vesicular 
nucleus  (or  two  nuclei),  which  is  usually  eccentric,  and 
always  contains  a  large  shining  nucleolus.  All  the  cells 
whose  processes  can  be  distinguished  are  unipolar ;  fig.  6 
shows  a  number  of  such  pear-shaped  cells  forming  a  small 
ganglion ;  also  the  nucleated  capsule  in  which  each  cell  is 
contained. 

In  many  of  my  preparations  these  ganglia  possess  a  special 
system  of  blood-vessels,  small  arteries,  and  capillaries.  In 
one  of  them  there  is  a  small  artery  running  along  one  border 
of  a  very  large  ganglion  ;  it  gives  off  branches,  which  accom- 
pany the  principal  nerve-trunks  arising  from  the  ganglion, 
and  also  two  branches  for  the  blood  supply  of  the  ganglion; 
one  of  these  passes  up  on  the  right,  the  other  on  the  left,  of 
the  ganglion ;  they  curve  round  to  the  upper  border  of  the 
ganglion,  so  that  it  is  nearly  surrounded  in  an  arterial  circle. 
Of  the  branches  given  off  from  this  circle,  some  anastomose 
with  capillaries  running  with  the  nerve-trunks  of  the 
ganglion,  and  others  pass  into  the  ganglion  and  supply  it. 
In  many  cases  the  ganglia  are  surrounded  by  networks  of 
capillaries  ;  an  example  of  this  arrangement  may  be  seen  in 
fig.  8.     It  will  be  noticed  that  the  nerve-trunks  belonging  to 
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the  ganglion  are  aecompaiiietl  by  capillaries  (d),  which  run 
either  singly,  or  in  pairs,  one  on  each  side  of  the  trunk.  As 
they  ajjproach  the  ganglion  tliey  give  off  branches,  whicli 
anastomose  with  similar  branches  of  other  capillaries,  and 
thus  form  a  network,  from  which  branches  pass  into  the 
ganglion.  In  other  cases  there  is  no  such  entwining  plexus, 
and  capillaries  may  be  seen  simply  running  up  to  the 
ganglion,  and  entering  it  in  the  intervals  between  the  gan- 
glion cells. 

Having  thus  briefly  described  the  ganglia  and  the  nerve- 
trunks,  1  shall  proceed  at  once  to  consider  their  relations  to 
the  blood-vessels.  Fig.  1  shows,  as  already  stated,  that  the 
course  of  the  nerves  corresponds  in  a  general  way  with  that 
of  the  principal  blood-vessels.  Fig.  3  is  a  portion  of  a 
nerve-plexus  seen  with  Hartiiack  No.  4,  and  shows  in  a  more 
minute  way  the  character  of  this  relation.  A  description  of 
this  preparation  will  serve,  periiaps,  better  than  remarks  of  a 
more  general  nature,  to  make  the  reader  acquainted  with  the 
usual  relations  esisting  between  arteries,  veins,  and  nerve- 
trunks  in  the  blaililer  of  the  dog. 

The  vessels  represented  are  an  artery  (a)  and  a  vein  (aj), 
with  a  large  branch  given  off  by  each  of  them.  A  large 
nerve-trunk  (b),  on  which  are  situated  a  number  of  ganglia 
(c),  runs  parallel  with  the  artery,  and  at  some  distance  from 
it ;  a  somewhat  similar  trunk  runs  with  the  vein.  We  may 
call  these  two,  for  the  sake  of  convenience  in  description,  the 
"arterial"  and  the  "venous"  nerve-lrunks.  The  venous 
nerve-trunk  is  not  in  reality  connected  more  with  the  vein 
than  with  the  artery,  and  might  more  fairly  be  called  a 
second  arterial  nerve-trunk.  Indeed,  it  does  not  occur  at  all 
in  most  of  my  preparations  ;  what  we  usually  find  is  an 
artery  accompanied  by  its  vein  on  one  side,  and  by  a  gan- 
glionatcd  nerve-trunk  running  on  its  other  side. 

The  figure  shows  in  what  sort  of  way  these  two  large 
nerve-trunks,  the  arterial  and  the  venous,  are  connected  by 
smaller  trunks.  The  already  mentioned  branches  of  the 
artery  and  vein  are  accompanied  by  a  ganglionated  nerve- 
trunk,  coming  feom  a  large  ganglion  on  the  arterial  nerve- 
trunk. 

In  addition  to  the  two  large  nerve -trunks,  it  will  be  seen 
that  the  main  artery  is  accompanied  by  smaller  ones,  which 
are  connected  with  the  ganglia  of  the  plexus,  especially  with 
those  on  the  arterial  nerv(^-trunk ;  these  trunks  run  close  to 
the  artery,  and  are  connected  with  each  other  by  transverse 
nerves,  so  as  to  enclose  the  artery  in  a  kind  of  coarse  mesh- 
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These  smaller  trunks  are  represented  in  fig.  2  as  abruptly 
truncated  in  some  places;  in  reality,  it  is  at  these  points  that 
the  artery  receives  its  nervous  supply,  the  trunks  being  here 
seen  to  enter  the  adventitia,  where  they  fade  away,  and 
gradually  lose  themselves.  The  veins  are  not  accompanied 
by  any  such  plexus  of  smaller  nerves. 

In  some  preparations,  chiefly  from  the  bladder  of  the 
rabbit,  there  is  a  somewhat  simpler  method  of  supply ;  here 
we  cannot  distinguish  a  large  nerve-trunk,  and  an  entwining 
plexus  of  small  nerves,  but  the  artery  is  accompanied  by  a 
ganglionated  nerve-trunk,  whence  branches  pass  directly  into 
its  adventitia. 

Figures  S  and  4  are  drawn  from  a  preparation  of  the 
rabbit's  bladder,  showing  this  kind  of  arrangement.  The 
artery  A  in  Fig.  3  is  accompanied  by  a  nerve-trunk,  on  which 
are  situated  the  two  ganglia  i  and  ii,  which  are  in  reality 
connected  by  the  continuity  of  the  trunks  Bj  and  Bj.  A  nerve- 
trunk  (supposed  to  be  interrupted  at  the  line  ef)  comes  off 
from  ganglia  i ;  it  enters  the  adventitia  of  the  artery,  and 
disappears  at  a,  where  it  almost  meets  a  similar  trunk 
coming  from  ganglion  ii.  Ganglion  i  gives  off  another 
trunk,  which  supplies  the  artery  in  a  different  manner. 

This  is  shown  in  fig.  4,  b  representing  the  nerve  and 
A  the  artery.  The  diminution  in  size,  which  may.  be 
noticed  in  the  nerve  after  it  has  crossed  the  artery,  is  due  to 
the  loss  of  several  of  its  fibres,  which  enter  the  adventitia  of 
the  artery  at  a. 

The  fact  that  nerves  are  found  arising  from  ganglia,  and 
distinctly  supplying  arteries,  is  again  illustrated  in  fig.  5. 
A  ganglionated  nerve- trunk,  not  shown  in  the  figure,  runs, 
roughly  speaking,  parallel  with  the  artery  (a);  Bj  and  a^ 
the  principal  nerve- trunks  of  the  artery,  are  connected  with 
two  ganglia  situated  close  together  on  th*s  trunk.  Where 
Bj  reaches  the  artery  it  divides  into  two  sets  of  fibres,  one 
of  which  passes  superficial  to,  the  other  in  the  depth  beneath 
the  vessel.  The  superficial  division  gives  off  a  few  fibres, 
which  enter  the  adventitia  (a),  and  then  divides  into  two 
branches ;  one  of  these  loses  itself  in  the  adventitia  on  the 
opposite  border  of  the  artery,  the  other  ends  by  spreading  out 
into  an  irregular  fan  of  nucleated  fibres  on  the  superficial 
surface  of  the  vessel.  The  nerve-trunk  Aj  also  divides  into 
two  branches,  one  of  which  terminates  close  to  the  last 
described  branch  of  Bp  and  in  the  same  way,  i,  e,  by 
spreading  out  on  the  artery,  and  the  other  comes  to  an  end 
in  the  adventitia.  The  distribution  of  that  part  of  Bj  which 
passes  b^n^ath  the  artery  is  unimportant;  it  is  connected 
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with  a  small  nerve-trunk  running  wttb  the  main  artery,  and 
with  another  one  accompanying  a  branch  which  the  artery 
givei  off. 

Cohnheim  appears  lo  think  that  it  is  necessary  for  the 
supply  of  an  artery  that  there  should  be  ganglion  cells 
situated  in  the  coats  of  the  vease!  itself.  From  what  has 
been  said,  it  will  be  seen  that  this  is  not  necessarily  the  case. 
The  arteries  are  accompanied  by  ganglionated  nerve-trnnks, 
and  the  ganglia  are  sometimes  situated  on  the  adventitia,  but 
in  that  case  they  do  not  appear  to  be  more  instrumental  to 
the  nervous  supply  of  the  artery  than  ganglia  which  are  not 
so  situated. 

There  is  very  little  to  be  said  concerning  the  smaller  arte- 
ries. I  have  already  mentioned  that  the  branches  of  large 
arteries  are  accompanied  by  ganglionated  nerve-trunks, 
which  are  connected  with  the  nerve-plexus  belonging  to  the 
main  vessels.  Arteries  of  smaller  size  are  often  entwined 
with  delicate,  nucleated,  nerve-fibres,  but  I  have  not  been 
able  to  trace  these  fibres  to  ganglia. 

The  veins  appear  to  be  very  scantily  supplied  with  nerves  ;  I 
have  only  been  able  to  make  out,  in  one  preparation,  any  con- 
nection between  them  and  ganglionated  nerve-trunks.  In  this 
preparation  there  are  a  small  number  of  ganglia,  and  a  few 
rather  small  nerve-trunks  j  these  form  a  very  irregular 
plexus,  which  appears  to  be  connected  with  two  large  veins, 
but  not  with  the  arlery  which  accompanies  them,  A  gan- 
glion is  seated  on  one  of  the  veins,  and  a  trunk  arising  from 
it  most  probably  supplies  the  vein,  as  it  appears  to  lose  itself 
in  the  adventitia. 

With  regard  to  capillaries  my  observations  are  more  satis- 
factory ;  I  have  distinctly  seen  delicate  nerve-fibres  arising 
from  the  cells  of  a  ganglion,  and  supplying  the  neighbour- 
ing capillaries,  which  in  some  cases  form  part  of  the  vascular 
plexus  which  surrounds  the  ganglion. 
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A  Further  Resume  of  Recent  Observations  on  the 
"  Gonidia-Question/'     By  Wm.  Archer,  M.R.I.A. 

In  his  critical  enumeration  of  the  Lichen-flora  of  Denmark, 
Norway,  Sweden,  and  part  of  Russia,  Dr.  T.  M.  Fries^ 
criticises  the  remarkable  hypothesis  of  Schwendener  as 
to  the  nature  of  lichens,  of  the  Uterature  of  which  a  general 
resume  has  lately  appeared  in  these  pages. ^  As  the  obser- 
vations upon  this  hypothesis  by  Dr.  Miiller*  had  escaped 
being  alluded  to,  it  appears  advisable,  in  order  to  place  the 
matter  as  fully  as  possible  before  the  readers  of  this  journal, 
to  give  an  abstract  of  them  as  well  as  of  the  conclusions  arrived 
at  by  Bornet  and  Treub  in  recent  memoirs,  which  fully 
endorse  Schwendener 's  views. 

As  will  be  now  widely  known,  Schwendener 's  theory  sup- 
poses Lichens  to  consist  of  two  primarily  distinct  elements — 
Algae  and  Ascomycetes — in  such  a  way  that  the  Algae,  or  group 
of  algal  cells,  becoming  surrounded  and  involved,  or  (more 
rarely)  permeated  by  the  Ascomycete,  serve  the  latter  as 
assimilating  host-plant.  The  two  together  form  the 
^^  Lichen ; "  hence  the  former,  long  known  as  "  gonidia," 
are  not  organs  of  the  Lichen,  but  foreign  organisms  pressed 
into  its  service,  and  so  compelled  to  lead  a  new  life. 

Fries  asks  the  all-important  question,  ''  In  what  manner 
do  the  gonidia  enclosed  in  the  lichen- thallus  originate  ?  '^ 
Prof.  Schwendener,  in  his  lately  published  discussion  of 
the  subject,  argues  that  no  one  has  observed  the  develop- 
ment of  the  gonidia  from  terminal  cells  of  the  hypha.*  How- 
ever, Dr.  Fries  asserts  that  the  hypha-branches  swell  up  at 
the  apex,  gradually  become  globular  and  afterwards  filled  with 
green  contents.  Thus  each  becomes  eventually  a  gonidium, 
which  subsequently  subdivides.  As  Dr.  Miiller  observes,  if 
this  were  true  the  Schwendenerian  theory  would  evidently 
be  no  longer  tenable.  Fries  does  not  state  in  what  lichens 
he  had  made  his  observations.  However,  Miiller  refers  to  a 
previous  observation  of  his  own  in  Synalissa,  bearing  out  the 
statement,  and  showing   the  gradual  formation  of  gonidia 

J  Eries, '  Lichenographia  Scandinavica,'  Pars  prima,  Upsala,  1871. 

2  *  Quart.  Journ.  Micr.  Sc./  vol.  xiii,  n.  s.,  p.  217. 

3  '  Elora,'  1872,  p.  90. 

*  Schwendener :  "  Erorterungen  znr  Gonidienfrage,"  in  *  riora/  May, 
1872.  Translated  (in  part)  in  '  Quart.  Journ.  Micr.  Sc.,'  vol.  xiii,  n.  s., 
p.  235. 
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from  tHe  hypha-branches ;  hence,  for  the  Omphalariea  or  for 
the  GlceolicAenes  (Fries),  he  holds  the  new  theory  to  be  im- 
poHsible.  He  would  be  inclined  to  assume  for  the  remainder 
of  the  class  that — at  least  as  regards  the  primordial  goiiidium 
of  the  gonidia-colonies — there  must  have  existed  a  genetic 
connection  between  it,  the  gonidia,  and  the  hypha,  but  that 
it  may  be  probable  that  this  formation  of  gonidia  from  tlie 
hypha -branches  may  take  place  only  in  the  very  youug  con- 
dition of  the  thallus,  and  that  subsequently  the  gonidia 
increase  merely  by  subdivision. 

As  regards  CollemeeB,  ipdeed,  and  the  experiments  insti- 
tuted by  Eeess^  in  causing  its  spores  to  germinate  on  Nostac, 
and  develope  in  the  substance  of  the  latter  a  richly -ramified 
mycelium,  and  thus  (as  Reeas  and  Schwendener  hold)  convert 
the  Nasloc  into  CoUema,  Miiller,  whilst  accepting  the  facts,  . 
has  another  iutei-pietation  to  propound.  This  he  auras  up 
in  the  following  terms  : — 

1.  Collema  is  dimorphic,  and  it  has  (l)  a  perfect  state  in 
which  it  possesses  hyphse  and  fructifies,  and  (2)  a  secondary 
state  (known  as  Nosiac)  which  never  bears  either  hyphae  or 
apothecia. 

S.  The  secondary  (not,  perhaps,  merely  younger)  Nostoc- 
state  of  CoUema  reaches  the  perfect  state  only  through  the 
penetration  into  if  of  the  hypbiE  belonging  to  its  perfect 
condition,  which  are  derived  from  a  spore  or  simply  from 
"  root-hairs,"  and  through  a  "  vegetative  copulation  "  (so  to 
say)  of  the  hyphse  with  the  gonidia. 

3.  CoUema  in  perfect  (hypha-  and  apothecia- bearing) 
individuals  propagates  itself  mostly  by  soredia. 

4.  An  increase  of  perfect  individuals  is  also  possible  by 
spore -germination,  but  a  secondary  development  of  simple 
gonidia  [Nostoc)  must  precede  it ;  the  former  then  acquires 
the  faculty  of  producing  apothecia  by  means  of  the  spore- 
filaments  or  root-hairs  (of  CoUema)  penetrating  into  the 
latter, 

5.  Simple  spore-germination  without  the  co-operation 
of  the  secondary  state  [Nostoc)  produces  no  thaUus  {gonidia 
and  hyphse),  and,  on  the  other  hand,  simple  gonidial 
A'oaioc-fonnation,  without  the  co-operation  of  the  perfect 
state  (spore  filaments  or  root  hairs),  remains  destitute  of 
apothecia. 

Thus,  Dr.  Miiller  would  take  CoUema  for  the  complete 
state,  Nostoc  for  the  secondary  state  of  this  dimorphic  plant, 

'  HeesB:  "Ueber  die  Entati;li\in5  der  Ficolite  Collema  glaueesre}i! 
Hftnm,  elo.,"  in  '  Monatsbericbt  d.  k.  Atad.  d.  Wiss.  ta  Berlin,'  Oct., 
mi,  p.  B23. 
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but  he  declines  to  assent  to  the  idea  that  an  alga,  Nostoc, 
through  the  parasitism  upon  it 'of  a  fungal  mycelium,  forms 
the  aggregate  which,  merely  from  custom,  as  he  holds,  we 
please  to  call  a  Lichen.  The  whole  is,  accordingly,  in  his 
view,  a  *^  special  kind  of  partial  alternation  of  generations," 
which  calls  to  mind  certain  of  the  phases  of  the  complicated 
fructifications  in  Algse.  Different  other  conditions  in  the 
Lichens  are  doubtless  still  to  be  expected. 

Nor  does  Miiller  hesitate  to  regard  the  heteromerous 
Lichens  in  the  same  way,  and  thus  many  of  the  beautiful 
researches  of  Dr.  Schwendener  will,  he  holds,  find  a  new  and 
more  natural  interpretation.  In  the  high  Alps,  amongst 
huge  expanses  of  rocks,  far  removed  from  woods,  where  no 
Ascomycetes  occur,  where  algae  are  but  rare,  and  mosses 
scanty.  Lichens  are  yet  met  with,  often  in  great  multitudes. 
That  view  in  such  cases  seems  most  reasonable  which,  in 
conformity  with  the  foregoing  conception,  restores  to  the 
Lichens  their  autonomy,  and  concedes  to  them  the  power  of 
reproducing  themselves  in  two,  perhaps  in  severed,  ways, 
and  makes  their  existence  not  merely  dependent  upon  a 
fortuitous  parasitism. 

A  very  elaborate  memoir  bearing  on  the  question,  with 
copious  figures,  has  lately  appeared  from  the  pen  of  Dr.  E. 
Bomet.  As  an  abstract  of  this  most  interesting  communica- 
tion has  already  appeared  in  "  Grevillea,"^  it  is  unnecessary 
to  attempt  to  repeat  at  any  length,  or  even  to  try  to  success- 
fully condense,  the  substance  of  so  extensive  a  memoir. 

The  object  of  the  author  is  to  put  forward  a  series  of 
observations,  which  he  regards  as  fully  confirin|itory  of  the 
parasitic  theory  in  lichens,  and  as  being,  indeed,  the  only  one 
which  satisfactorily  accounts  for  all  the  established  facts. 
Passing  in  review  a  long  series  of  lichens,  first  those  with 
chlorophyllaceous,  then  those  with  phycochromaceous  goni- 
dia,  he  avers  that  there  is  nowhere  any  evidence  that  these 
ever  originate  from  the  hyphse,  but,  on  the  other  hand,  that 
the  union  of  the  latter  with  the  algse  is  a  subsequent  occur- 
rence.  He  brings  forward  certain  cases  in  which  this  union 
is  something  more  than  any  mere  contact,  and  in  which  a 
penetration  by  the  hypha  into  the  interior  of  the  cell  of 
the  alga  takes  place;  whereupon,  an  increase  in  its  size 
with    a   thickening   of  the   wall    ensues,  succeeded    by    a 

1  Bomet,  *  Kecherches  sur  les  Gonidies  des  Lichens,*  in '  Ann,  des  Sciences 
Naturelies,'  5  s^r.,  t.  xvii,  p. 
» '  GrevUlea,*  No.  15,  Sept.  1873,  p.  36. 
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change  in  the  appearance  of  the  contents,  which  become 
colourless,  the  wall  shrivels  up,  and  the  cell  finally  appears 
as  a  dead  sac. 

In  Si/naliasa,  ivhich,  as  seen  above,  forms  a  strong  point, 
in  the  opinion  of  Miiller,  against  the  parasitic  theory,  Bornet 
adduces  figures  tending  to  show  that  the  relations  of  the 
gonidia  to  the  hyphse  are  not  genetic,  hut  due  solely  to 
mere  subsequent  mutual  apposition,  and  this  sometimes  of 
qnit*  distinct  bypha-branchcB  to  cells  of  the  alga  manifestly 
arising  from  the  subdivision  of  one  and  the  same  gonidium. 
He  avers  that  he  has  seen  in  a  fertile  example  of  S.  conferta 
some  of  the  gonidia  changed  into  "  spores  "  (?),  as  if  some  of 
the  Gl<eocapsa  cells  (herejregarded  as  forming  the  gonidial 
element),  uninfluenced  by  their  novel  position,  had  pursued 
their  normal  algal  course  of  development. 

Bornet  sums  up  the  result  of  his  researches  (extending 
over  sixty  genera  belonging  to  the  various  tribes  of  lichens) 
in  the  two  following  propositions: — 1.  Every  gouidinmofa 
lichen  may  be  referred  to  a  species  of  alga,  g.  The  relations 
of  thehyphawith  thegonidiaareof  such  anature  as  to  exclude 
all  possibility  that  one  of  these  oi^ans  can  be  produced  by 
the  other,  and  the  theory  of  parasitism  is  alone  able  to  give 
a  satisfactory  explanation  of  them. 

Sometimes,  according  to  the  author,  the  alteration  sub- 
mitted to  by  the  algie  is  not  very  visible.  This  happens 
mostly  when  they  are  composed  of  independent  cells.  When 
they  are  filamentous  the  change  is  often  very  marked ;  they 
become  distorted  and  broken  up,  the  cells  isolated,  and  the 
gelatinous  envelopes  disappear.  Again,  in  certain  cases,  the 
general  appearance  of  the  alga  is  little  clianged,  but  it  is  the 
individual  cells  of  the  alga  which  become  altered.  As  regards 
Prolococcus  and  Treatepohlia  [Cliroolepus],  these  are,  at  first 
glance,  little  changed,  but  the  empty  cells  met  with  in  the 
deeper  parts  of  the  thallus  seem  to  the  author  to  show  that 
they  are  subject  to  a  real  action  of  the  hypha,  although  this 
may  not  manifest  itself  by  any  very  marked  deformations. 
The  cells  of  the  gonidial- algse  preserve,  though  mainly  in  the 
peripheral  parts,  their  faculty  of  multiplication  in  the  ordinary 
manner,  though,  owing  to  the  restricted  limits  in  which  they 
are  confined,  they  rarely  take  their  characteristic  form.  In 
certain  cases  the  vegetation  of  the  algse  appears  to  be  singu- 
larly stimulated  by  the  hypha  (as  Glwocapsa  and  Sligonema, 
when  transformed  into  Omphalaria,  Synalissa,  Ephebe,  &c.). 
The  gonidia  again,  in  their  turn,  exert  an  evident  influence 
on  the  hypha.  On  contact  with  them,  it  acquires  an  increase 
of  vitality,  maiiifestpd  by  a  rapid  multiplication  of  cells,  and 
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production  of  numerous  branches ;  the  vigour  of  the  develop- 
ment evidently  bears  a  relation  to  the  mass  of  the  alga. 

When  the  hypha  penetrates  into  the  frond  it  may  become 
equally  distributed  in  the  mass  of  the  alga  (Ephebe,  Syna- 
lis$ai)y  and  then  the  general  form  of  the  alga  is  but  little 
modified.  But  more  frequently  the  increase  of  the  hypha- 
threads  takes  place  in  a  determined  direction :  when  they  are 
parallel  the  fronds  become  cylindrical  or  clavate  (Synalissa 
confertd),  when  they  are  radiate  or  fanlike  they  give  rise 
to  orbicular  {Omphalaria)  or  lobed  fronds  {Collemd),  in 
the  form  of  which  the  alga  co-operates  but  feebly.  But 
in  the  great  majority  of  lichens  the  hypha  envelopes  the 
alga;  a  more  or  less  embracing  network  surrounds  the 
host-plant.  It  is  not  rare  to  see  organs  of  fructification 
appear  on  a  thallus  hardly  more  than  beginning  to  be  con- 
stituted. 

The  theory  of  parasitism,  the  author  urges,  explains  the 
origin  of  dead  gonidia  found  in  the  deeper  parts  of  lichens ; 
it  does  away  with  the  remarkable  fact  of  the  coincidence  in 
the  same  thallus  of  dissimilar  gonidia,  some  containing 
chlorophyll,  others  phycochrome — a  very  important  distinctive 
character  between  two  great  groups  in  the  lower  algse;  it 
explains,  at  the  same  time,  the  almost  identity  of  the  gonidia 
of  very  diverse  lichens,  and  the  marked  differences  between 
the  gonidia  of  certain  other  lichens  of  which  the  thallus  and 
fructification  are  identical. 

To  each  single  species  or  genus  of  lichen  there  does  not 
correspond  a  different  alga :  on  the  contrary,  a  small  number 
furnish  the  gonidia  for  a  great  variety  of  lichens.  Some 
lichens,  under  certain  circumstances,  accessorily  invade  algse 
of  a  species  different  to  those  which  normally  form  their 
gonidia.  But  is  there  sometimes  a  complete  substitution  of 
one  species  for  another  ?  Pannaria  triptophylla  shows,  in- 
deed, that  this  substitution  is  possible  to  a  certain  extent, 
although  Bornet  has  in  vain  sought  in  very  many  lichens 
to  effect  the  substitution  of  Protococcus  by  Trentepohlia 
(Chrooleptis). 

Bornet  concludes  by  admitting  that,  as  regards  the  ordi- 
nary mode  of  life  of  algae  and  lichens,  there  exists  a  certain 
antagonism.  Moisture,  abundant  and  prolonged,  which  is 
favorable  to  the  algse,  is  injurious  to  the  lichens ;  plunging 
the  thallus  of  the  latter  in  water  for  some  time  causes  the 
hyphse  to  perish.  It  was  in  this  way  that  Famintzin  and 
Baranetsky  set  free  the  gonidia  and  obtained  zoospores  from 
them.  The  partial  death  of  the  hyphse,  due  to  indeterminate 
causes,  is  sometimes  encountered  in  nature.     On  examining 
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CoUemapuIposum  after  recent  rainj  when  the  thallus  is  swollen 
up  by  moisture,  certain  examples  are  to  be  met  with  which 
are  in  a  manner  dimorphic — one  portion  has  its  nonnal  form, 
another  much  resembles  Nosloc  commune.  The  examination 
of  a  thallus  thus  deformed  shows  that  the  difference  of  aspect 
is  due  to  the  decay  or  local  death  of  the  hypliaj. 

Professor  Schwendener  comes  forward  once  more  in 
explanation  and  defence  of  his  new  theory  in  a  communica- 
tion made  to  tlie  Natural  History  Society  of  Basel.'  This  is, 
however,  liardly  more  than  a  recapitulatiou  of  his  already 
puhhshed  views,  put  together  at  the  request  of  the  Society, 
and  it  does  not  seem  to  contain  any  absolutely  new  matter. 
After  dwelling  upon  the  parallelisms  between  Lichens  and 
Fungi,  he  proceeds  to  review  recent  researches,  from  which 
he  holds  that  the  old  views  as  to  lieheu-gonidia  are  rendered 
questionable ;  whilst,  on  the  one  hand,  llie  genetic  con- 
nection between  the  gonidia  and  the  hyphte  remains  un- 
proved, on  the  other,  the  agreement  of  the  former  with  the 
algse  is  placed  in  a  clear  light.  The  more  important  points 
which  he  proceeds  to  recapitulate  are:  — 

1.  He  reasserts  that  those  hyphte  which  show  a  con- 
nection with  the  gonidia  do  not  prove  that  the  latter 
originate  from  them.  The  gradual  development  of  the  gonidia 
by  a  sweUing  up  of  the  end  cell  of  a  hypha  has  been  observed 
by  no  one.  On  the  other  hand,  he  has  seen  in  certain  gela- 
tinous lichens  that  this  union  occurs  by  a  growing- together 
or  "conjugation"  of  a  hypha-branch  with  a  fully-formed 
gouidium.  He  has  seen  two  and  tliree  stipites  passing  off 
&om  the  same  thi*ead  in  union  with  the  cells  of  one  connected 
chain,  which  would  not  he  possible  if,  like  cherries  or  apples 
to  their  pedicels,  they  stood  to  them  in  a  genetic  relation. 

2.  He  then  dwells  on  tho  resemblance  or  identity  of  the 
gonidia  with  certain  Palmellacece,  Chroolepus,  &c.  (already 
discussed  in  previous  communications)." 

3.  'I'hese  aJgse  in  the  free  state  reproduce  themselves  by 
zoospores.  So  it  has  been  proved  do  the  gonidia,  but  the 
author  repeats  his  objections  to  the  interpretation  of  Famintzin 
and  Saranetsky. 

4.  Some  lichens  possess  a  gonidia  system  with  apical  and 
stem -cells  —  that  is,  with  independent  terminal  growth 
{Ephebe,  Spilonetna). 

The  author  then  gives  an  epitomized  resume  of  the  "  eight, 
'  Schwendener,  'Dio  riecbten  alj  PErasiteu  der  Algen,'  in  Verliandl.  der 
Naturr.  GeBellBcLaft  in  Easel,'  1873,  p.  5S7. 
'See'Qagit.JoaiD,  Mip,  So.,'  vol.  siii'  n.  s.i  pp.  317  tlitg. 
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algal-types  "  of  the  "  lichen-gonidia."  ^  He  points  out  that 
there  is  a  large  number  of  lichens  in  which  the  gonidia  con- 
stantly belong  to  the  same  type,  this  indeed  being  the  preva- 
lent case^  whilst  there  are  other  lichen  forms  which  evince  a 
certain  amount  of  oscillation  in  their  selection  of  gonidia 
between  related  algal- forms.  These  he  briefly  discusses,  con- 
cluding by  a  reference  to  the  question  of  *' parasitic  algse." 
He  admits  that  the  parasitism  which,  in  conformity  with  his 
theory,  must  be  assumed  for  the  lichens,  would  remain 
unique  in  the  vegetable  kingdom.  However,  certain 
recent  observations  bring  to  notice  cases  of  adaptation  in 
a  certain  sense  analogous.  He  especially  quotes  the  occur- 
rence of  iVb^^oc-chaplets  in  the  substance  of  Azolla  recorded 
by  Strasburger,  who  found  these  algae  in  the  leaves  of  every 
species  of  Azolla  which  he  had  examined,  no  matter  from 
what  quarter  of  the  world  they  originated,  which  fact 
almost  led  him  to  suppose  that  this  plant  could  not  have 
been  altogether  passively  related  to  algae.  ^^One  might 
almost  believe  "  (says  Strasburger)"  that  the  iVb^^oc-chaplets 
are  useful  to  the  leaves  of  the  Azolla  in  their  work  of  assi- 
milation, and  thus,  in  a  certain  manner,  play  a  similar  part 
in  them  as  in  the  interior  of  the  lichen- thallus."  Schwen- 
dener  then  alludes  to  Reinke's  observation  of  a  Scyto- 
nematous  plant  in  the  interior  of  Gunnera  {loc,  cit.^),  also 
to  those  of  Cohn  {loc.  cit.^),  and  proceeds  to  remark  that  in 
what  the.  dependence  consists — especially  as  regards  the  pro- 
cesses of  nutrition — is  at  present  unknown,  but  that  it  cannot 
be  assumed  from  Cohn's  case  that  the  relation  is  a  reciprocal 
one.  The  questionable  "parasitic^*  alga?  accordingly,  he 
holds,  stand  in  decided  opposition  to  the  gonidia-formers ; 
in  how  far,  indeed,  they  are  true  parasites  appears  to  him  in 
the  meantime  still  doubtful.  However  it  may  be,  such 
phenomena,  he  holds,  abundantly  show  that  the  conditions  of 
dependence  in  which  organisms  may  stand  to  one  another 
are  bound  up  in  no  particular  law,  but  rather  may  make 
themselves  evident  as  the  expression  of  mutual  adaptation  in 
the  most  diverse  modes.  And  thus,  he  urges,  his  doctrine  of 
the  algal  nature  of  lichen-gonidia  may  contribute  to  place  in 
a  correct  light  a  series  of  the  most  noteworthy  adaptations 
which  occur  in  the  vegetable  kingdom. 

1  Cohn  :  *  Beitrage  zur  Biologic  der  Pflanzen,'  Heft  II,  p.  87.  See  also 
'  Quart.  Journ.  Micr.  Sc.,'  vol.  xiii,  n.  s.,  p.  366. 

3  "Die  Algentypen  der  Flechtengonidieo,"  Basel,  1869.  See 'Quart. 
JoTun.  Mic.  Sc.,'  vol.  xiii,  n.  s.,  pp.  222  et  teq. 

»  Reinke :  *  Bot.  Zeitung,'  1872,  p.  69. 


The  brief  result  of  experiments  made  by  Bornet  in  causing 
licben-spores  to  germinate  in  company  with  algse  is  incor- 
porated below  with  an  English  -version  of  the  record  of  the 
experiments  instituted  for  this  purpose  by  Dr.  MelchiorTreub, 
and  detailed  hy  him  in  a  Memoir  laid  before  the  University 
of  Leiden  in  November  last. 1  Theauthor  of  this  memoir  begins 
by  giving  in  the  first  section  an  interesting  and  com- 
plete epitome  of  the  history  of  Liehenology — ^more  especially 
in  its  bearing  on  the  subject  in  question — from  Tulasne  to  the 
present.  It  is  a  pity  that  so  thorough  a  resume  of  the  scat- 
tered literature  of  the  subject  is  written  in  Dutch,  a  language 
not  much  read  in  this  country;  however,  the  more  important 
of  the  references  touching  on  the  "gonidia  question  "  have 
already  been  placed  before  the  readers  of  this  journal.  The 
second  section  of  the  Treub  Memoir  is  devoted  to  an  ac- 
count of  the  author's  original  researches  in  1873  and  1873 
on  this  question,  and  is  repeated  helow  pretty  nearly  in  full, 
for,  notwithstanding  that  a  large  proportion  of  his  experiments 
ended  abortively,  much  interest  attaches  to  them.  He  ulti- 
mately arrived  at  results  in  accordance  with  those  of  Bornet, 
and,  so  far  as  they  go,  apparently  very  much  in  favour  of  the 
de-Bary-Schwendener  theory. 

The  two  following  paragraphs  allude  to  Reesa's  experi- 
ments, already  referred  to  in  a  previous  number  of  this 
journal,  and  to  Muller's  views  as  given  above : — 

1.  The  conclusion  drawn  by  Fries  from  the  experi- 
ments of  Reess  that,  if  parasitism  in  lichens  were  true, 
the  parasite  should  originate  first  and  then  the  host,  is 
incorrect.  The  colonies  of  Nostoc  HcAenoides  with  which 
Reesa  experimented  must  have  reached  even  the  size  of  a 
pea;  it  is  therefore  not  to  be  wondered  at  that  the  ger- 
minating filaments  of  the  spores,  which  were  designedly 
placed  upon  the  A'oaioc- colonies,  did  not  become  long 
enough  to  be  able  to  reach  the  substratum,  and,  by  taking 
up  food  from  it  to  enable  tbe  filaments  which  had  penetrated 
into  the  Nostoc  to  continue  growing.  If,  then,  Collema  spores 
merely  fall  Tipon  freelygroiving  A'oa^o c-colonies,  Collema  would 
not  necessarily  originate  in  consequence.  This  doea  not,  how- 
ever, prevent  Mjsfo c-colonies  which  have  already  grown  for 
some  time  upon  a  substratum  being  subsequently  able  to  pass 
over  into  Collema  ;  for  this  it  is  only  necessary  that  the  spores 

'Treub,  '  Onderzoekiogen  over  de  Natnur  der  LiobeneQ,'  Leideu  (23 
November,  1873).  Previoaalythe  author  liad  published  a  brief  caramunicB- 
tion,  "  Lichenencultur,'  in  '  Botaniache  Zeitung,"  No.  46,  Not.  1S73,  but 
written  in  September,  in  anlicipation  of  liie  more  copious  Memoir,  giving  the 
ooia/tleie  hidlurj  of  the  queetiou  md  the  full  details  of  his  expeiiments, 
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fall  not  just  upon  but  close  to  the  iVb*^oc-colonies ;  the  ger- 
minating filaments  in  this  case  may  partly  penetrate  into  the 
Nostoc  and  partly  into  the  substratum,  and  all  the  con- 
ditions for  the  production  of  Collema  would  be  complete.  With 
much  more  minute  algse,  which  are  the  gonidia-formers  of 
heteromerous  lichens,  these  may  in  any  case  originate  by  later 
importation  of  spores,  because  even  if  the  spore  falls  just 
upon  the  alga,  it  is  possible  that  the  germinating  filaments 
may  still  reach  the  substratum,  since  they  mostly  far  exceed 
in  length  the  diameter  of  the  algse. 

2.  The   explanation  given  by  Miiller  of  the  relation  be- 
tween Nostoc  and  Collema,  founded  on  Reess's  experiments, 
— that  we  have  to  do  with  a  peculiar  kind  of  alternation 
of  generations, — is  nothing  else  than  the  last  desperate  efibrt 
to  hold  by  the  organic  individuality  of  the  homoiomerous 
lichens  by  means  of  a  mere  fight  about  words.     The  expres- 
sion ^alternation  of  generations'  (generatiewisseling),  taken 
in  its  widest  sense,  is   applied  to   the   phenomenon  of  an 
organic  individual  in  reproduction  producing  first  a  form 
wholly  different  from  that  which  brings  it  forth,  and  only  the 
direct  or  indirect  progeny  of  this  generation  becoming  like  the 
first.    Thus,  to  regard  Nostoc  as  an  ^  alternation '  of  Collema 
it  should  ahne  be  able  to  furnish  Collema ;  this,  in  reality,  is 
not  the  case,  so  that,  without  completely  overstraining  the 
expression  ^  alternation  of  generations,'  it  cannot  be  applied 
to  the  relation  between  Nostoc  and  Collema,     It  is  clear, 
however,  that  Miiller  merely  wants  to  replace  the  M?orrf para- 
sitism by  Xhe  phrase  ^  a  special  kind  of  partial  alternation  of 
generation'  when  he  says,  if  the  increase  of  perfect  indivi- 
duals of  Collema  takes  place  by  spores,  some  gonidia  must 
be  already  present,  which    then,  in  combination  with  the 
intruding  hyphae,  furnish  the  perfect  apothecia-bearing  indi- 
viduals.    No  competent  judge  will,  I  think,  controvert  that, 
following  Miiller 's  own  diBScription,  we  have  here  to  do  with 
parasitism  in  the  Strictest  sense  of  the  word." 

The  following  reproduces  the  principal  portions  of  the 
second  section  of  Treub's  memoir,  recording  his  original 
researches : — 

Relations  between  Gonidia  and  Hypha. — Although,  in  the 
course  of  the  present  summer,  the  copious  treatise  of  Bornet 
has  appeared,  in  which  the  relation  between  the  gonidia  and 
hyphae  is  discussed  in  a  decisive  manner,  I  still  feel  myself 
compelled  briefly  to  communicate  my  own  long-continued 
researches  on  the  above  point.      *  *  ♦  ♦ 

It  is  well  known  that  it  is  upon  Bayrhoffer  and  Speer- 
schneider's  authority  that  the  origin  of  the  gonidia  £rom  the 
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hyplite  has  been  generally  accepted  up  till  about  three  years 
ago.  According  -to  Bayrlioffer  the  threads  of  the  '  fibrous 
Btratum'  swell  at  the  lo\i,  which  swellings  afterwards  become 
'  male  gonidia.'  That  the  correctness  of  the  observation  niay 
be  strongly  doubted,  and  must  rather  be  credited  lo  the  ob- 
server's fancy,  every  one  will  agree  with  me  who  is  acquainted 
with  Bayrhoffer's  work,  in  which  are  to  be  found  the  most 
extraordinaryideas  about  lichens.  Thus,  for  example,  accord- 
ing to  Bayrhoifer,  the  thallus  is  composed  of  a  male  and  a 
female  stratum. 

As  regards  Sjieerschneider,  he  stated  that  ■  in  Hagenia 
eiliaris  at  the  place  of  transition  between  cortical  and  medul  ■ 
lary  hyphse,  gonidia  originate  on  the  hyplite,  which,  apart  from 
the  green  colour,  very  much  resemble  at  first  young  hypha- 
branches,  besides  which  larger  gonidia  occur  intimately  united 
with  the  hypha?,  which  is  a  further  reason  for  assuming  that 
the  gonidia  originate  from  these.  In  his  work  he  subsequently 
assumes  the  same  mode  of  origin  of  gonidia  for  other  lichens ; 
viRamalina  several  gonidia  are  said  to  originate  from  one 
hypha- swelling,  and  in  Peltigera  to  be  formed  in  the  hypha. 
The  statement  is  also  especially  noteworthy  that  in  Haffenia 
aome  gonidia,  amongst  which  very  young  and  minute  ones 
contain  *»o  chlorophyll.  How  is  this  to  be  reconciled  with 
his  just  quoted  opinion,  expressed  a  year  earlier,  that  the 
existence  of  their  colouring  substance  alone  distinguishes  the 
young  gonidia  from  commencing  lateral  branches  ? 

Th,  M.  Fries  and  J.  Muller  last  year  have  cursorily 
made  known  some  observations  of  the  origin  of  the  gonidia 
from  the  hyphse,  without,  however,  giving  figures  or  any 
description  of  their  mode  of  observation.' 

"  My  own  researches,  which  were  chiefly  carried  out  with 
XanthoTia  parietina,  and  the  conclusions  deduced  therefrom, 
briefly  amount  to  this : — 

The  origin  of  the  gonidia  from  the  hyphse  will  be  clearly 
proved  only  when  cells  still  uncoloured  green  are  found  on 
the  hyphie,  and  which  can  be  recognised  as  gonidia  by  the 
ceUuloae  reaction  of  their  walls.  The  occurrence  of  minute 
bnt  already  distinctly  green  gonidia  united  with  liypha- 
branches  at  least  furnishes  no  proof,  because  (1 )  Schwcndener, 
more  than  ten  years  ago,  showed  that  the  so-ealled  stipites 
might  be  the  result  of  the  growth  of  the  hyphie  against  the 
gonidia  ;  (2)  gonidia  are  to  be  found  {which  I  have  succeeded 
in  doing  many  times)  which  are  furnished  with  more  than  one 
stipes.     Just  as  little  is  it  possible  to  recognise  by  the  form 

'  'flora,'  187S,  p.  90.     ywfewyw. 
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ilietlier  we  have  to  do  with  a  gotiidium  not  yet  coloured 

green,  or  with  a  verj-  young  hypha-branch,  because,  as 
has  already  been  frequenily  meatiooed  bv  various  writers, 
even  the  very  young  green  gonidia  attached  to  the  hyphee  are 
not  different  in  form  from  young  hypha-brauches ;  how  much 
the  more  should  lliis  he  the  case  with  the  younger  still  un- 
coloured  gonidia  ? 

After  1  had  satisfied  myself  that  this  was  the  only  direc- 
tion in  which  the  research  musl  be  carried  out  to  furnish 
wholly  decisive  results,  I  tried  to  gain  my  object  by  ntakiog 
very  thin  sections  from  the  Hchen-thallus,  which  were  then 
treated  with  various  reagents.  I  obtained  the  sections  as 
thin  as  possible  by  the  method  of  Gibelli  of  embedding  the 
thallus  in  stearic  acid.  From  the  lump  thus  obtained,  upon 
cooling,  a  section  is  made  as  thin  as  possible  ;  afterwards  the 
thall US-sections  were  freed  from  the  surrounding  stearine 
by  means  of  a  fine  needle,  or,  better,  by  meansof  warm  alcohol. 
I  never  succeeded,  however,  in  perceiWng  very  young  gonidia, 
which  were  not  pet  coloured  green,  so  that  I  did  not  thus 
make  any  obsen'oiion  in  the  least  supporting  the  origin  of  the 
gonidia  from  the  hi/phte. 

During  the  research  it  occasionally  happened  that  I  met 
with  detached  gonidia  with  larger  or  small  portions  of  hypha 
attached,  from  which  the  contents  were  removed  in  conse- 
quence of  the  treatment,  and  which  had  thus  become  com- 
pletely hyaline,  and  seeming  as  if  the  hypha  pressed  some- 
times a  little  into  the  gonidium.  In  order  to  satisfy  myself  of 
the  correctness  of  the  observation,  it  was  necessary  to  view 
such  a  gonidium,  by  means  of  turning,  from  all  sides.  ITiis, 
indeed,  was  generally  not  possible,  because  the  portions  of 
hypha  attached  to  the  gonidium  were  too  long  to  admit  of 
rolling  it  over  in  all  directions.  That  this  is  necessary  in 
order  to  arrive  at  any  certainty  as  to  the  fact,  follows  from 
the  possibility  of  ocular  deception,  and  from  the  fact  that  we 
might  have  to  do  with  a  gonidium  divided  into  two,  between 
whose  secondary- cells  the  end  of  the  staUt-cell  had  penetrated, 
and  we  might  only  see  the  secondary  cells  superposed  above 
one  another.*  Turning  upon  all  sides  showed  me  in  very  few 
cases  that  hypha-ends  had  penetrated  into  a  gonidium.  In 
uninjured  gonidia — still  with  contents — I  never  saw  it; 
a  priori,  one  might  certainly  say  that  in  such  a  case  the 
observarion  of  the  penetrated  hypha-end  is  as  good  as  impos- 

I Bible.  Srill  it  deserves  to  be  mentioned  here  that  the  observa- 
&ya  of  the  hji>ha-eiids  which  had  penetrated  never  gave 
L*Se< 
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I  See  Nageli'a  '  Beltr.  zuT  WissciiscL.  Bolauik,'  11  Heft,  t.  i,  f.  18,  a.  b. 
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grounds  for  the  supposition  that  the  penetration  was  the 
result  of  any  mechanical  violence  during  the  manipulation. 

Experiments  in  Sowing  Spores. — In  order  to  obtain  a  suffi- 
cient quantity  of  spores,  'i'ulasne's  method  was  employed. 
The  lichens  were  placed  on  plates,  well  moistened,  and  then 
covered  by  the  slides,  upon  which,  after  twelve  to  twenty- 
four  hours,  a  number  of  spores  were  found.  The  lichens 
from  which  the  spores  were  tnken  were  always  gathered  just 
previously,  indeed,  I  took,  perhaps,  overmuch  care  not  to  use 
examples  which  were  gathered  more  than  a  day  before, 
and  this  with  a  view  to  avoid  giving  rise  to  the  objection 
that  the  small  quantity  of  the  spores  obtained,  or  the  unsatis- 
factory results  of  the  germination  of  the  spores,  were  a  result 
of  the  specimens  not  being  fresh.  It  is  known,  indeed,  that 
the  germinative  power  of  spores  subsists  but  for  a  short  time, 
and  also  that  herbarium-examples  of  lichens,  upon  being 
moistened,  give  off  no  spores.         •        •         •         •         • 

To  produce  germination  the  spores  were  placed  in  a  moist 
atmosphere.  For  this  purpose  a  basin  or  deep  plate  was  filled 
about  halfway  with  water,  and  in  it  was  placed  a  small  saucer 
or  a  piece  of  stone  or  marble.  Upon  these  objects,  which 
projected  above  the  water,  were  placed  the  slides  with  the 
spores ;  and  over  the  whole  a  bell-glass  reaching  to  the  water 
in  the  basin,  so  that  in  this  way  the  air  of  the  space  containing 
the  spores  soon  became  moist.  In  other  cases  the  same  end  was 
attained  by  laying  a  sheet  of  tjlass  or  an  ordinary  plate  over 
the  basin,  the  last  for  experiments  on  germination  in  the 
dark. 

As  regards  the  other  circumstances  under  which  the  spores 
were  placed  for  germination,  these  varied  according  to  the 
end  in  view  in  observing  the  germination.  For  different 
purposes,  two  different  methods  were  followed,  and  these 
will  be  separately  treated : — 

I.  The  observation  of  the  germination  of  the  spores  had  for 
its  object  to  ascertain  if  the  germinating  filament  produce  a 
kind  of  mycelium,  some  cells  of  which  pass  over  into  young 
gonidia,  as  must  happen  if  the  lichens  are  to  be  regarded 
as  autonomous. 

The  majority  of  the  experiments  were  conducted  in  the 
same  way  as  by  previous  observers  who  had  the  same  object 
in  view:  that  is  to  say,  the  spores  were  placed  in  a  moist 
medium.  I  generally  left  the  spores  upon  the  slides  whereon 
they  were  taken ;  the  progress  of  germination  could  thus 
readily  be  examined  under  the  microscope.  Sometimes, 
also,  I  placed  the  spores,  by  means  of  a  drop  of  water,  upon 
pieces  of  bark  from  tlte  same  tree  on  which  the  lichen  grew 
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rliich  had  furnished  the  spdres;  by  making  very  thin  sections 
of  these  pieces  of  bark  the  progress  of  germination  was 
observed.  The  method  followed  by  Tulastie  of  letting  the 
spores  germinate  on  stone  1  never  adopted,  because  it  appeared 
to  me  that  the  due  examination  of  the  process  of  germination 
is  by  this  plan  very  diffiuult;  one  must  then,  indeed,  either 
remove  the  germinating  spores  from  the  substratum, — and  to 
do  this  without  injury  is  very  difficult,  especially  when  the 
germinating  filaments  are  very  long — or  one  must  make 
the  microscopic  observation  by  means  of  reflected  light, 
in  -which  case  certainly  no  very  good  results  are  to  be 
expected. 

On  two  occasions  I  caused  the  germination  to  take  place 
in  the  presence  of  a  small  quantity  of  the  ash  of  the  lichens ; 
if  the  substratum  were  then  moistened  by  vapour  some  of  the 
ash-constituents  would  thus  be  dissolved,  and  serve  for  food 
to  the  germinating  filaments,  in  case  this  inorganic  food  were 
necessary  in  order  to  cause  the  gonidia  to  originate. 

A  great  number  of  the  experiments  were  partly  carried 

on  in  the  dark,  because  there  was  thus  perhaps  more  chance 

of  good  results ;  in  the  new  formation  of  cells  light  can, 

indeed,  not  only  be  done  without,  but  it  ordinarily  opcratea 

'en  injuriously,  and  darkness  favorably.^ 

From  the  middle  of  April  to  the  beginning  of  July,  1872, 
made  forty  experiments  with  spores  of  Xatilhoria,  Ramalina, 
and  Lecanora. 

Two  to  eight  days  after  the  sowing  the  first  appearances 
of  germination  make  themselves  evident,  the  more  unfavora- 
ble the  circumstances  so  much  the  later.  Amongst  the  cir- 
cumstances unfavorable  to  germination  are  a  too  copious 
supply  of  water  on  the  substratum,  and  the  direct  proximity 
of  other  objects  as  well  as  of  other  spores.  If  many  spores 
lie,  for  instance,  on  the  top  of  one  another  this  impedes  ger- 
mination. The  very  imperfect  germination  of  spores  placed 
nnder  none  of  these  unfavorable  conditions  ahows  that  there 
must  be  still  other  conditions  which  are  not  understood. 

About  a  month  after  the  sowing  the  protoplasm  becomes 
in  great  part  used  up  in  the  formation  and  elongation  of  the 
germinating  filaments.  In  the  first  year  of  my  experiments 
"'le  germination  very  rarely  reached  the  last  stage,  wherein  the 
is  wholly  empty  and  the  protoplasm  used  up,  probably 

;en  owing  to  the  influence  of  the  first-mentioned  unfavorable 

■cumstances,  but  above  all  to  the  early  occurrence  of  a  mould 

ion  the  substratum  on  which  the  spores  were  placed,  whereby 

*  Bee  Sftobs, '  Esperim.  Fbjaiologi^'  pp.  30, 31. 
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the  process  of  germination  becomes  speedily  stopped.  In  all  my 
cultures  the  mould -formation  was  then,  amongst  the  obvious 
difficulties,  not  only  the  greatest,  but,  at  the  same  time,  the  one 
against  wliich,  notwithstanding  all  the  means  applied,  nothing 
could  be  done.  Now,  a  repetition  of  my  researches  in  this 
year  at  last  taught  rae  the  circumstances  under  which  the 
formation  of  mould  is  to  be  obviated,  and  I  carried  on  cultures 
for  even  three  months  free  from  this  vexatious  foe.  I  saw 
more  spores  than  formerly  of  which  all  the  protoplasm  was 
used  up  in  the  growth  of  the  germinating  filaments,  and  in 
which,  therefore,  germination  proper  was  at  an  end  ;  I  never 
saw,  however,  young  gonidia  on  the  germinating  filaments  in 
which,  by  the  application  of  reagents,  I  satisfied  myself  com- 
pletely of  the  presence  of  celliJose.  If  the  gonidia  originated 
from  the  germinating  filaments,  they  should  have  already 
made  their  appearance  when  the  filaments  have  used  up  all 
the  reserve  nutriment  from  the  spores ;  they  do  not  them- 
selves contain  chlorophyll,  and  thus  cannot  assimilate  and 
have  not  the  opportunity  of  taking  up  organic  food  for 
further  growth. 

II.  Starting  on  the  supposition  that  Schwendener's  theory 
of  the  lichens  is  the  true  one,  the  spores  about  to  germinate 
were  brought  into  contact  with  nutritive  solution  for  the 
purpose  of  trying  in  this  way  to  cause  the  germinating  fila- 
ments to  grow,  after,  indeed,  the  reserve  nutriment  from  the 
spore  was  used  up. 

It  is  very  probable  that  both  the  plan  of  operations  and 
the  purpose  of  this  pari  of  my  experiments  may  be  at  first 
glance  taken  by  many  as  merely  Iwphazard,  above  all  because, 
so  far  as  I  know,  no  one  has  ever  tried  to  cultivate  a  strictly 
parasitic  fungus  by  nutrient  solution  only,  withont  the  co- 
operation of  the  host.  This  has,  indeed,  been  done  for  sapro- 
phytes, and  with  good  results,  by  sometimes  making  use  of 
prepared  nutrient  substances  in  a  fluid  state,  at  other  times 
of  decoctions  or  solutions  of  the  substances  whereon  the 
saprophytes  grow.  Still  I  think  I  can  quite  justify  my  plan 
of  operation.  It  is  known  that  most  parasitic  fungi  can  live 
only  on  one,  or,  at  most,  very  few  hosts,  hut  the  conclusion 
constantly  drawn  that  the  hosts  are  the  only  plants  which 
contain  the  nutrient  substances  necessary  for  the  parasite 
may  scarcely  hold  good.  The  phenomenon  may  have  another 
explanation.  Of  all  the  plants  which  contain  the  necessary 
nutritive  substances  for  any  parasitic  fungus,  its  host  (or 
hosts)  alone  fulfils  the  conditions  of  containing,  at  the  same 
time,  none  of  the  substances  injurious  to  the  parasite. 

Were  this  mode  of  explanation  of  the  union  of  a  parasitic 
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iingus  with  a  definite  host  the  true  one,  tliere  would  have 
^en  a  cliance  that  it  would  have  heen  possible  to  make 
lores  from  such  a  parasite  germinate  and  grow  in  a  nutri- 
solulion,  and  I  still  think  that  the  second  mode  of  ex- 
laining  the  restricted  choice  of  most  parasitic  fungi  as  much 
lids  as  the  first. 

I  applied  this  second  method  in  all  kinds  of  ways  In' 
iging  the  spores  for  germination.  If  I  had  succeeded  in 
causing  the  germinating  filaments  to  continue  growing  in 
this  manner  for  some  time,  I  should  have  at  once  been  able 
to  combat  the  organic  individuality  of  the  lichens  with  a 
'holly  new  weapon. 
In  the  choice  of  the  nutrient  fluids  for  the  culture,  I 
ipposed  that  it  was  best  to  select  such  as  had  been  applied 
ith  good  result  for  the  germination  atid  development  of 
Other  fungi.  From  the  small  number  of  these  fluids  1  chose 
the  two  following : 

(a)  Chilture  fluid,  made  use  of  by  Boussingattlt  for  develop- 
ment of  the  Mycoderms} — Milk  is  coagulated  with  acetic  acid 
when,  all  the  caseine  being  deposited,  the  whey  is  filtered ; 
this  contains  albumen  piiosphates,  potash,  soda,  lime,  mag- 
nesia, oxide  of  iron,  and  water.  This  fluid,  dilated  in 
different  degrees  with  distilled  water,  was  used ;  at  the  same 
time,  in  many  cases  there  was  added  a  little  ash  of  the 
lichens  whose  spores  were  to  be  germinated. 

(b)  Pasteur's  fluid,  used  for  the  development  of  the 
Mucedinen? — The  composition  of  this  culture  fluid  is; — 
Distilled  water  in  which  is  dissolved  an  aramoniacal  salt, 
sugar-candy,  and  phosphate,  obtained  by  the  combustion  of 
yeast,  the  last  constituent  introduced  by  means  of  the  ash  of 
the  lichens.  This  fluid  was  also  used  diluted  in  diflerent 
degrees. 

In  two  different  methods,  by  means  of  a  number  of 
experiments,  lasting  from  I5th  April  to  the  middle  of  June, 
1872,  it  was  attempted  to  germinate  the  spores  of  Ramalina, 
Xanthoria,  and  Lecanora  by  means  of  the  culture  fluid,  and, 
above  all,  to  be  made  to  go  on  to  develop  the  germinating 
filaments. 

1.  The  spores  were  brought  upon  a  slide  with  a  drop  of 
the  fluid,  and  this  placed,  in  the  known  manner,  in  ail 
'Atmosphere  moistened  by  vapour ;  here,  likewise,  some  of  tha 


'  Bonasinpiult,  "Observ.  relat.  su  Develop,  dea  Mjeoderraea,"  'Comptes 
Rendus,"  1860,  p,  673. 

*  Putenr,  "  ReclieroheB  snr  le  mode  de  Nutrition  dcs  Muceoineea," 
'Comples  Beudns,'  1S60,  p,  710. 
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experimeiitH  were  conducted  in  the  dark.  Though  the  placing^ 
of  the  spores  in  pure  water  acted  prejudicially  upon  germina- 
tion, Btill  the  possibility  may  have  been  that  in  a  nutritive 
Bolution  the  reverse  was  the  case ;  in  Peziza  Fuckeliama,^ 

for  example,  the  spores  refuse  to  germinate  in  fresh  water 
but  in  grape-sugar  solution  ;  on  the  other  hand,  they  do  so 

S.  The  spores  were  placed  on  shreds  of  flannel  saturated 
with  the  nutrient  fluid,  so  that  they  should  be  in  contact 
with  the  nutrient  substances  (the  degree  of  concentration 
remaining  constant),  without  being  wholly  immersed;  the 
experiments  were  again  partly  made  in  the  dark. 

The  pieces  of  flannel,  which  were  smaller  than  an 
ordinary  slide,  were  previously  boiled  for  half  an  hour  in 
nutritive  solution,  then  immediately  brought  upon  a  slide 
into  the  space  kept  moist  by  vapour,  and  after  cooling,  only 
just  taken  out  to  place  the  spores  upon  them. 

To  my  great  regret,  the  results  were  very  small;  the 
cidture  fluids  show  themselves  to  be  peculiarly  adapted  for 
the  purpose  to  which  they  were  apphed  by  Faateur  and  Bous- 
singault ;  after  a  short  time,  on  most  of  the  slides  on  which 
were  drops  of  these  fluids,  perfect  examples  of  Peniciliium 
glaucum  might  be  found,  whilst  in  the  course  of  a  week  the  fluid 
imbibed  by  the  pieces  of  Hannel,  notwithstanding  the  previous 
boiling,  upon  being  squeezed  out  appeared  almost  milk- 
white,  owing  to  the  presence  of  a  surprising  quantity  of 
Saccharomyces ;  the  lichen-spores,  on  the  other  hand,  in 
certain  cases,  either  did  not  germinate  at  all,  or  produced 
at  any  rate  in  germination  germinating  filaments,  which  in 
length  stood  far  behind  those  produced  by  the  spores  which 
had  germinated,  under  favorable  circumstances,  in  a  moist 
atmosphere. 

Since  the  object  for  which  these  experiments  were  under- 
taken did  not  appear  in  the  least  capable  of  being  attained, 
the  result  of  my  culture  of  spores  of  the  different  lichens  in 
conjunction  with  Cystococcus-exa.mp]es  would  thus  alone 
have  to  determine  whether  I  should  succeed  or  not  in 
demonstrating  the  true  nature  of  the  heterotnerous  lichens. 
The  following  will  show  the  modus  operandi  nni  the  result  of 
these  culture  experiments. 

In  these  cultures  I  set  before  myself  the  final  aim  of 
making  up  one  or  more  of  the  heteromcrous  lichens  out  of  its 
presumptive  constituents  and  thereby  demonstrating  the  just- 
ness of  the  theory  originated  by  de  Bary  and  Schwen- 
dcner,  in  the  same  manner  as  Bees  had  succeeded  for 
'  De  Bary,  'Morph.  und  Phjsiol.  der  Pilie,'  p.  213, 
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the  liomoiomeroiis  lichens  in  his  culture  of  Collema  glaur 
cescens. 

In  any  case,  after  the  Cb/fema-cultures,  it  remained  of 
great  importance  to  confirm  experimentally  the  presumption 
of  a  double  nature  for  the  heteromerous  lichens,  and  the 
more  so  as  such  a  man  as  Cohn  acquiesces  in  Schwendener's 
views  for  the  homoiomerous  lichens,  and  still  he  regards  the 
same  views  as  bearing  upon  the  heteromerous  lichens  as 
untenable.^ 

Before  describing  the  plan  and  results  of  my  own 
cultures  I  may  be  permitted  to  mention  what  has  been  done 
in  this  direction  by  others. 

Woronine  obtained  no  positive  result  by  bringing  theca- 
spores  of  Parmelia  pulverulenta  into  contact  with  the  young 
gonidia  in  a  drop  of  water.*  The  second  who  has  made 
experiments  in  the  culture  of  spores  and  algse  together  is 
Bomet,  who  says^ — I  placed  on  the  fragments  of  lime- stone 
freshly  broken  and  on  fragments  of  bark  which  I  had  boiled 
in  water  for  about  a  quarter  of  an  hour  a  layer  of  Protococcus 
mridis  and  some  spores  of  Parmelia  parietina.  The  PrO" 
tococcus  taken  on  a  damp  and  shady  wall  was  almost  pure. 
There  were  with  difficulty  to  be  found  mingled  some  MicrO' 
coleus  filaments,  a  very  slender  Oscillatoria  and  a  small  number 
of  Cladosporium-s^orea ;  but  I  did  not  perceive  any  trace  of 
spores  or  filaments  of  lichens.  The  Protococcus  diluted  in 
water  rapidly  became  resolved  into  Zoospores.  Other  frag- 
ments of  stone  and  bark  received  exclusively  Protococcus  or 
spores.  .  .  .  Germination  took  place  in  some  days  in 
the  manner  described  and  figured  by  Tulasne.  Towards 
the  fifteenth  day  the  hypha  was  already  large  and  ramified. 
Wherever  it  came  in  contact  with  the  cells  of  the  Proto^ 
coccus f  either  isolated  or  in  groups,  it  adhered  either  directly 
or  by  a  lateral  branch.  I  may  add  that  the  hypha  attached 
itself  exclusively  to  the  Protococcus,  and  not  to  other  bodies 
mingled  therewith.  It  is  by  hundreds  that  I  have  obtained 
these  germinations,  and  I  have  been  able  to  ascertain 
with  certainty  that  I  was  not  deceived  by  accidental 
adherences. 

The  spores  sown  apart  at  the  same  time  as  the  others 
germinated  alike,  but  became  much  less  ramified,  and  did 


1      (C 


Sitzungsberichte  d.  Bot.  Sect.  d.  Schles.  Gesellscbaft,"  irBot. 
Zeitung/  1872,  p.  16. 

'  Woronine,  "  Rech.  sur  les  gonid.  du  Lichen  Parmelia  pulverulenta," 
*  Ann.  d.  Sci.  Nat.  Bot.,'  5  s^r.,  t.  xvi,  p.  324?. 

*  Bornet,  "  Recherches  sur  les  Gonidies  des  Lichen,"  in  'Ann.  d.  Sciences 
Naturclles/  5  s6r.,  t.  xvii,  p.  65, 1873. 
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not  produce  chloropbyU.  The  Prolococcua-ccWa  remained 
as  tliey  were  and  did  not  produce  filaments. 

In  another  series  of  experiments  I  placed  spores  of 
Bialora  muscorum  on  a  corticolous  form  of  Protococcua  a 
little  larger  than  the  preceding.  The  results  were  the  same. 
Unfortunately,  I  have  not  been  able  to  conduct  these  germi- 
nations on  to  the  production  of  a  thallus.  The  excess  of 
moisture  and  the  development  of  a  Mucedine  destroyed  the 
young  plants  at  the  end  of  some  weeks. 

My  own  culture  experiments  were  conducted  in  two  dif- 
ferent ways.  In  one  I  sowed  the  lichen  spores  with  Cys- 
tococcus  upon  the  substratum,  whereon  the  species  are 
mostly  found,  in  the  hope  of  obtaining  a  young  lichen-thallus, 
as  Reess  succeeded  in  doing  for  Colletna  glaucescens  in  his 
"  culture  in  the  mass."  In  the  other  the  spores  were 
brought  along  with  Cystococcus  on  slides,  and  tried  under 
different  circumstances,  in  order  la  make  the  spores  germi- 
nate, for  the  purpose  of  seeing  if  the  germinating  filaments, 
on  coming  into  contact  with  the  Cystococcus  individuals, 
woidd  wholly  or  partially  include  them,  and  thus,  as 
readily  perceptible,  demonstrate  the  beginning  of  lichen- 
formation. 

Culture  experiments  in  the  mass  ("  Kultuur  pro  even  in  het 
groot"). — These  cultures  had  for  their  object  the  production 
of  a  young  perfect  hchen- thallus,  and  by  this  means  to 
become  acquainted  at  the  same  time  with  the  processes 
whereby  this  production  takes  place  in  nature.  The  sub- 
strata whereon  the  spores  and  algre  were  sown  were  con- 
stantly those  whereon  the  lichens  I  was  trying  to  cause  to 
originate  mostly  occur. 

I  laBt  year  went  to  work  in  ihe  following  manner  : 

Xanihoria-spOTea  were  sown  with  Cystococcus  fl)  on 
willow-bark,  {2)  on  pieces  of  tile,  (3)  on  very  fine  tile-dust 
(obtained  by  hiimmering},  and  pressed  as  firmly  as  possible 
in  little  saucers.  This  last  substratum  was  chosen  as  admit- 
ting better  than  the  pieces  of  tile,  after  the  culture,  of  micro- 
scopical examination  of  the  results. 

Lecanora  spores  were  sown  with  Cystococcus  (1)  on 
willow-bark  and  apple-bark,  (2)  on  pieces  of  stone,  (3)  on 
stone. dust,  the  last  for  the  same  purpose  as  in  the  Xanthoria 
cultures. 

Ramalina  spores  finally  were  sown  with  Cystococcus  on 
oak-bark. 

Shortly  before  use  the  substances  serving  as  substratum 
for  the  culture  were  immersed  in  boiling  water ;  in  by  far 
tbe  greater  number  of  cases  these  were,  before  the  e 
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saturated  with  a  littlu  of  the  solution  of  the  a 
different  lichens. 

All  the?e  "  cultures  in  the  mass"  took  place  in  a  moist  atmo-  I 
Bphere.  Y  erj  soon  I  used  mBtee-A  of  freely  ffTowinff  Cystococcut  ' 
for  my  cultures,  that  which  I  had  previously  set  free  from  the 
lichen  thaltus  (see  below).  The  Cyatococcua  was  always 
furnished  by  another  lichen  than  that  wherefrom  the  spores 
were  taken ;  for  example,  spores  of  Xanthoria  were  soivn 
upon  a  substratum  with  Cyslococcus  from  HamaUna,  in  order 
that  the  presumption  should  never  occur,  in  case  of  eventual 
success  of  the  culture,  that  the  thallus  was  caused  by  the 
continuous  growing  of  portions  of  the  hypha  set  free  whilst 
still  attached  upon  some  Cystococatg-examp\es,  as,  indeed, 
thin  sections  of  some  homoiomeroiia  lichens  may,  under 
'  .vorable  circumstances,  grow  on  afresh  to  become  a  perfect 
lallus.  J 

The  greater  part  of  these  experiments  were  carried  on  in  1 
le  way  made  known  by  Reess  aa  necessary  to  cause  | 
Jmoiomerous  lichens  to  originate  ;  the  spores  were  first 
sown,  and  about  ten  days  after  the  algie.  Wlieu  this  mode, 
however,  did  not  afford  me  the  least  result,  I  then,  between 
15th  October  and  1st  December,  1872,  made  further  culture 
for  the  fifteenth  time,  in  which  spores  and  algae  were  sown 
simultaneously  in  order  to  see  if  the  mode  of  culture  requisite 
for  the  homoioraerous  lichens  had  acted  possibly  injuriously 
for  heteromerous  lichens,  and  was  the  cause  of  the  failure  of  i 
the  ex]>eriment. 

In  tbis  summer  I  have  not  repeated  the  cultures  "in  the  I 
mass "  in  a  moist  atmosphere  ;  however,  I  have  tried  to  I 
obtain  Xan^Aoria  ^arte/ina  by  sowing  its  spores  with  Cys/o-l 
coccus  humicola  in  the  open  air  upon  tiles  and  bark  of  trees,  I 
lasting  from  8th  July  to  3rd  October. 

All  my  cultures  "in  the  mass'*  of  the  preceding  year  had, 
in  no  case,  the  least  result.     After  a  month  and  a  half  (taken 
aa  the  mean  of  those  cultures),  with  the  naked  eye  there  was 
no  trace  of  thallus- formation  perceptible,  but  even  a  micro-    , 
Bcopic   examination   presented   nothing   resembling  lichen- J 
formation.     This  non-success  was  almost  always  the  result! 
of  formation  of  mould.  " 

In  my  cultures  in  the  open  air  during  this  summer  I 
found,  more  than  once,  on  the  very  limited  spots  of  the  bark 
on  which  I  had  sown  spores  and  algie,  after  about  three 
weeks'  culture,  very  distinct  commencing  thallus-formation ; 
~  was  never  able,  however,  with  minute  microscopic  examina- 
ion,  to  find  the  connexion  between  such  a  young  thallus  and 
linated  Xanthoria  Rpore ;  this  appeared  almost  to  be 
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impossible.  Thick  sections  from  this  substratum  are  much 
too  indistinct,  antl  very  thin  ones  do  not  admit  tif  the  course 
of  the  hyphiB  being  followed.  Now,  so  long  as  this  con- 
nexioa  is  not  clear,  no  conclusion  can  be  drawn  from  the 
occurrence  of  young  Xanthoria  thalli  in  the  place  where 
spores  and  algee  were  sown,  since  soredia  indeed  might  give 
rise  to  the  same  phenomenon.  However,  I  may  here  add 
that  the  commencing  lichen  furmalions  almost  always 
were  without  the  aspect  of  having  owed  tbcii'  origin  to 
soredia. 

Culture  experimeniB  on  the  mintile  scale  {"'K.-a\i\iwYcoE'^en  in 
hot  klein  "). — The  spores  were  brought  upon  slides  and  kept  in 
moist  air.  In  the  beginning  of  my  experiments  I  occasionally 
placed  the  slides  under  the  microscope  for  the  purpose  of 
examining  the  advance  made  in  germination  by  the  spores 
and  the  growth  of  the  alga; ;  afterwards,  however,  1  left  the 
slides  uninterruptedly  in  the  moist  medium,  in  order  to  follow 
out  the  results  microscopically  in  the  conclusion  of  the 
culture.  The  last  is  much  preferable,  since  the  frequent 
transporting  of  the  slides  whereon  the  cultures  take  place 
adds  to  the  opportunities  for  the  dire  enemy  of  these  experi- 
ments— mould — to  reach  the  slides. 

In  a  part  of  my  cultures  of  last  year  along  with  the 
spores  and  algse,  a  little  solution  of  the  ash  of  those  lichens 
whence  the  spores  proceeded  was  sprinkled  upon  the  slides 
by  means  of  a  little  brush  ;  in  this  way  the  moisture  falls  on 
the  substratum  only  in  Utile  drops;  this  was  done  in  order 
to  supply  the  inorganic  nutriment  which,  according  to  Reess, 
the  lichens  derive  during  their  development  from  the  sub- 
stratum. That  this  did  not  take  place  in  all  cases  was  owing: — 
(1)  to  the  fact  that,  however  carefully  I  went  to  work,  large 
dropsoccasionally  formed  upon  the  substratum,  which  not  only 
hindered  the  germination  of  the  spores,  but  also  favoured  the 
formation  of  mould ;  (2)  that  the  application  for  the  purpose 
of  my  cultures  on  the  minute  scale  ("  in  het  klein '')  was  not 
directly  necessary ;  the  germinating  filaments  of  a  parasitic 
fungus  must  still  be  forced  into  or  against  tlie  host  (the  first 
in  endo-,  the  second  in  epiphytes),  before  all  the  protoplasm 
is  used  up  from  the  spore,  because  otherwise  the  necessary 
organic  nutriment  is  absent  to  enable  it  to  execute  this  move- 
ment of  growth. 

It  is  probable,  indeed,  that  on  the  germinating  filament 
of  lichen-spores  reaching  the  Cyjiococciw- eel  Is  the  spores  often 
contain  suiBcient  reserve  material  tu  euiible  the  germ-tubes 
to  continue  growing  for  some  time.  It  would  further  be 
very  probable  that,  even  after  the  whole  of  the  reserve  jmt^cr 
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ment  of  the  spores  was  used  up,  the  germinating  filamenta- 
would  still  be  able  to  coutinue  gniwing  for  some  time,  with- 
out addition  of  inorganic  fiiod,  but  simply  at  the  cost  of  the 
organic  food  from  the  algse.  Should,  then,  the  branches  of  the 
germinating  filamenta  probably  be  more  delicate  than  the 
hyphffi  from  the  perfect  lichen- thallus,  it  might  be  possible 
to  observe  distinctly  the  first  result  of  the  contact  of  the 
germinating  filaments  and  the  algee. 

After  I  had  gone  through  the  course  of  my  first  culture 
it  at  once  suggested  itself  to  me  that  the  iinpurity  of  the  Cys- 
tococcus  masses  must  operate  peculiarly  unfavorably  on  the 
success  of  my  experiment. 

Indeed,  upon  gathering  small  quantities  of  the  algte  for 
my  cultures,  it  always  appeared,  upon  looking  them  over, 
that  they  were  contaminated  by  hypha;  of  minute  funf^i,  fre- 
quently by  protonemata,  but,  above  all,  by  other  alga;.  To 
obviate  this  I  determined  to  employ  the  /ree/y -growing  Cyg- 
tococcua  no  more,  but  only  that  which  I  had  disengaged  from 
the  lichen-thalliis ;  this,  indeed,  I  could  do  without  in  the 
least  diminishing  the  results  to  be  obtained,  since,  indeed, 
the  most  violent  opponents  of  Schwendener's  theory  acknow- 
,  ledge  the  perfect  agreement  of  the  gonidia  of  most  hetero- 
^Vierous  lichens  with  Oystococcua  humicola,  and  in  this 
l*cry  agreement  find  a  reason,  indeed,  to  remove  Cysfo- 
coccus  humicola  from  the  algs.  We  find  von  Krempel- 
huber, for  instance,  saying,  "Den  Nachweis  jener  Aehnlich- 
keit  gewisser  Flechtengonidien  mit  ge  wis  sen  niederea 
Algen,  oder  meinetwegen  Ideniitdt,"  &c. 

One  great  difficulty  being  obviated,  there  still  appeared 
a  much  greater  and  more  troublesome  one,  namely,  mould-for- 
mation. In  the  first  period  of  my  research  (February  to 
December,  1872)  I  found,  I  might  say  invariably,  moulds  on 
the  substratum.  Of  course,  the  growth  of  the  alga;  and 
germinating  filaments  was  in  consequence  very  much 
interfered  with  or  usually  wholly  stopped.  I  tried,  in 
the  following  ways,  to  get  rid  of  these  troublesome 
enemies. 

1.  By  means  of  carbolic  acid,  of  which  a  drop  was  added 
to  the  water  in  the  vessel  intended  to  receive  the  slides,  or  a 
wad  moistened  with  it  was  placed  in  the  damp  space  in  the 
bell  glass.  In  this  manner  1  succeeded,  in  some  cases,  in 
preventing  the  formation  of  mould  during  the  culture ;  still 
this  was  constantly  coupled  with  non- germination  of  the 
lichen-spores,  and  with  a  total  loss  of  colour  and  coutraction 
of  the  contents  of  the  alga;.  The  cure  was  woi-se  than  the 
disease.     By  employing  extremely  httle  carbolic  acid   the 
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spores  commenced  germinating  and  the  algae  remained  in  i 
living  condition,  but  the  formation  of  mould  upon  the  slides 
was  not  kept  down. 

2.  By  carrying  on  the  culture  in  a  space  supplied  with 
air,  previously  purified  by  passing  through  a  plug  of  cotton 
wool.  In  this  way  I  anticipated  that  I  should  get  rid  of 
mould ;  it  was  further  probable  that  the  continuous  access  of 
fresh  air  would  operate  favorably. 

'llie  apparatus  which  I  employed  consisted  of  a  horizontally 
placed  lamp-chimney,  connected  at  one  end  with  an  aspi- 
rator ;  two  slides  covered  with  spores  and  algte  were  intro- 
duced into  it,  and  under  the  slides  there  was  a  stratum  of 
water,  intended  to  maintain  the  moisture  of  the  air;  the 
chimney  was  then  closed  at  the  other  end  with  a  perforated 
cork,  wherein  fitted  a  glass  tube,  twice  bent,  and  at  the  end 
blown  out  into  a  globe,  open  at  one  end  and  filled  with 
cotton  wool, 

I  could  not  expect  that  in  this  way  fungal  spores  would 
be  absolutely  excluded  from  my  cultures,  because  Pasteur 
found  that  air  passed  through  one  cotton  plug  still  leaves 
germs  upon  a  second  one.  Since,  however,  the  tube  through 
which  the  air  passed  was  further  bent  in  two  places,  there 
was  n  good  chance  that  fungal-spores,  which  were  carried 
by  the  air  through  the  wadding  would  not  arrive  at  the 
cultures. 

An  experiment  with  this  apparatus  (from  October  Ist  to 
November  3rd,  1872)  showed  me,  indeed,  thai  it  was  well 
adapted  for  the  purpose ;  still  it  taught  me  afresh  how  little 
certainty  one  has  in  the  success  of  experiments  in  the  culture 
of  lichen-spores ;  on  both  the  slides,  though  the  alga;  had 
remained  in  a  good  condition,  the  spores  had  sent  out  no  ger- 
minating filaments,  and  this  notwithstanding  that  there  were 
present  no  apparently  unfavorable  circumstances. 

Of  all  my  cultures  made  last  year  on  the  minute  scale,  in 
which  the  spores  germinated  and  the  G/gtococcus-ceUs  re- 
mained alive,  by  far  the  most  did  not  last  longer  than  some 
three  weeks  j  just  as  with  Bornet,  mould  prevented  the  cul- 
tures being  longer  extended. 

I  then  this  year  began  anew  some  experiments  on  the  minute 
scale  carried  on  in  a  somewhat  different  manner,  but  still  with 
the  object  of  struggling  against  the  mould- format  ion,  in  order  to 
prolong  cultures  for  a  longer  period.  The  slides  with  the 
spores  and  algse  thereon  were  first  brought  into  the  moist- 
ened space  till  there  was  no  further  trace  of  water  and  spores, 
and  algse  had  become  quite  dry  (these  were  always  placed  upon 
the  slides  in  a  drop  o{v/aXEt).     By  this  plan  one  nf  the  r.irr.nm- 
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.Dces  most  favorable  to  mould- form  at  ion — moisture— wM 
much  diiniuislied ;  however,  it  was  d  priori  much  to  be  feared 
that  on  a  dry  substratum,  and  merely  in  a  moist  atmosphere, 
neither  the  spores  would  germinate  nor  the  alfise  continue  to 
live.  Fortanately  the  conjecture  was  contradicted  by  the 
event.  After  the  cukiu'e  had  lasted  fur  a  month,  micro- 
scopic examination  showed  that  not  only  mould-fonnatioii 
was  as  good  as  altogether  absent,  but  also  that  the  spores  had 
germinated  very  well,  and  that  the  Cystococcus-ceils  were 
equally  alive.  I  was  then,  indeed,  able  to  make  my  cultures 
last  from  23rd  January  of  this  year  to  30th  April,  and  had 
the  opportunity  of  observing  very  distinctly  the  results  of 
germination,  which  will  presently  be  described. 

Amongst  my  cultures  on  elides  during  the  summer  of 
1872,  amounting  to  seventy  in  number,  it  once  happened  by 
accident  that  the  slides,  with  the  spores  and  algte  thereon, 
were  quite  dry  at  starting;  this,  however,  never  struck  me 
as  a  favorable  circumstance  ;  the  cultures  equally  suffered 
from  the  mould.  In  this  summer  I  have  again  made  some 
cultures  with  slides  on  a  perfectly  dry  substratum,  with  spores 
of  Xanthoria  parietina  and  Oystococcus  humicola,  from  25th 
July  to  4th  October,  if  possible  with  still  more  care  than  those 
of  this  winter.  From  these  cultures,  owing  to  mould,  I  ob- 
tained absolutely  no  result.  It  hence  follows  that  summer  is 
the  most  unmanageable  time  of  year  for  cultures  such  as  these, 
80  that  it  is  esplicable  how  so  great  a  number  of  experiments 
as  I  made  in  the  summer  of  187S,  in  the  most  different 
methods,  have  led  to  small  a  result. 

After  three  weeks'  culture  (in  18T2)  I  saw  that  when  ger- 
minating filaments  and  Cysfocotrcwi  cells  had  met  together,  the 
filaments  had  growii  more  or  less  over  the  siirface  of  the 
algse  and  become  firmly  attached  thereto.'  The  constant 
adhesion  of  the  filament  to  the  walls  of  thealgie  proves  that  the 
mutual  apposition  is  more  than  an  accidental  circum- 
stance." 

After  «ia?  weeks'  culture  (in  1873)  I  observed  that  as  the 

it  result  of  the  contact  branches  begin  to  originate ;   the 


I 

I 


The  contents  of  the  Ci/sfoecie(mt-ns^\s,   abaded   dart  in    tlie    original    ' 
ite,  became  greatly  oontnteted  uader  the  treatment  witb  warm   oaustiu 
potash' — part  of  Schvendener's  process  for  rendering  tbe  lijpbse  disUnol: 
further,  tbe  cultures  were  afternards  put  up  \a  glycerine. 

*  Bj  pressure  oa  the  covering-glaas  Trcub  cansed  the  germinating  fila- 
ment to  move  vif^rouslj  to  and  fro ;  Ibe  little  brancb  of  tlie  gerniinatinir 
filament  now  apireared  to  be  so  firmly  atlacbed  to  tbe  Oi/ttoeBerna  oeU 
that   tbis  indeed  abo  undecuFeut   tbis    rougb  action  witbout  becomiujrj 
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reserve  nutriment  appeared  to  have  been  not  yet  wholly 
used  up  from  the  spore. 

After  a  three-months'  culture  (in  1873)  1  at  last  saw  as 
the  result  of  the  meeting  of  the  filament  and  algK,  in  the 
neighbourhood  of  the  place  of  contact,  there  had  originated  a 
very  great  number  of  branches  of  the  filaments,  of  which  the 
greater  number  had  attached  themselves  afresh  to  the  surface 
of  one  or  more  of  the  algie  and  had  produced  afresh  lateral 
branches.  The  nutrimeiit  from  the  spores  was  after  this 
period  of  culture  wholly  used  up,  so  that  the  spores  had 
become  hyaline.  Certain  cases  of  copiously  branched  hyphae 
might  readily  give  rise  to  the  conjecture  that  the  hypha-mass 
must  be  supported  from  some  other  source  besides  the  reserve 
material  from  the  spore ;  this  conjecture  becomes  indeed 
fully  confirmed  by  comparison  with  those  spores  which  under 
the  very  same  circumstances  have  germinated  for  an  equally 
long  time,  but  without  the  filaments  having  encountered 
algffi  in  their  way. 

The  results  of  my  research  may  be  thus  briefly  expressed : 

So  soon  as  a  germinating  filament  of  a  spore  of  a  lietero- 
merous  lichen,  or  indeed  one  of  its  lateral  branches,  comes  in 
contact  with  an  alga  of  the  species  which  plays  the  part  of 
gonidia-former  in  the  thalius  of  the  lichen,  it  becomes 
attached  on  the  surface  of  the  alga,  growing  thereupon  to  a 
greater  or  less  extent.  The  first  result  of  the  adhesion  is 
more  intense  gi'owth  and  increase  of  the  number  of  hypha- 
branches,  which  partly  in  their  turn  again  become  attached 
to  algse,  and  also  give  off  lateral  branches,  so  that  ultimately 
the  alga  or  algal-colony  which  has  come  into  contact  with  the 
germinating  filaments,  becomes  completely  encompassed  by 
hyphte. 

Bornel's  cultures,  like  mine  of  last  year,  were  brought  to 
a  standstill  by  intruding  fungi.  I  may  then  indeed  express 
my  opinion  that  the  results  obtained  by  me  the  previous  year 
and  those  published  this  summer  by  Bornet  are  equivalent. 
Although  the  results  of  our  cultures  would  lead  us  both  to 
infer  the  truth  of  Schwendener's  theory  for  the  heteromeroua 
lichens,  they  would  not  however  bp  wholly  decisive,  because 
our  cultures  did  not  last  long  enough  to  cause  the  whole 
of  the  reserve  material  to  have  become  used  up  from  the  spores. 
I  consider,  however,  as  regards  the  nature  of  the  organic  indi- 
viduality of  the  heteromerous  lichens,  the  results  obtained  in 
my  tliree- months'  culture  at  the  beginning  of  this  year  as 
decisive  on  the  question,  because  not  alone  the  Cystococcus- 
cells  were  wholly  involved  by  the  branches  of  the  germinating 
£Iaments,  but  further  the  aumerous  ramifications  of  these  last 
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were  firmished  only  in    part  by  the  reserve-stuff  from  the 

'  Bpores,  and  thus  of  course  for  the  other  part  were  produced 

at  the  cost  of  the  organic  nutriment  from  the  algae  involved  ; 

in  other  words,  the  germinating  filaments  and  their  branches 

I         had  continued  to  grow  parasitically  when  once  in  contact 

»with  the  algie. 
Though   I  have  then  not  yet  succeeded  in  producing  s 
perfect  heteromerous  lichen-thallus  from  its  component  ele- 
ments, I  still  think  I  am  perfectly  justified  in  aifirmiug  that 
'  the  results  of  my  cultures  are  alone  explicable  by  assuming 

the  double  nature  of  lichens ;  so  that  from  the  upholders  of 
the  organic  individuality   of  the    heteromerous  lichens  all 
arguments  in   its  affirmation  are  equally  taken  away  in  aa  ^H 
experimental  way  as  has  beeu  previously  done  by  Schweni^H 
dener  in  an  anatomical  way."  ^H 

I         ■ 

^^FOa  Staining  Sections  icttk  Marenta.     By  W.  Hatcrktt 
^^p  Jackson,  B.A.,  Oxun.,  F.L.S. 

Staining  with  magenta  has  its  advantages  and  dis- 
advantages. Like  the  ammoniacal  solution  of  carmine, 
magenta  stains  all  parts  of  a  tissue  indifferently,  but,  unlike 
carmine  so  used,  it  gives  (as  far  as  my  experience  goes)  a 
much  greater  depth  and  gradation  of  colour.  When  a  thick 
section  is  stained  with  carmine  the  tint  given  is  so  uniform 
as  to  he  but  little  help  towards  deciphering  the  complex 
structure,  but  with  magenta  the  various  parts  generally 
assume  such  dififerent  tints  that  this  is  not  the  case. 

On  the  other  hand,  magenla  does  not  answer  well  when  a 
tissue  has  got  rather  a  dark  greenish  colour  from  long  soaking 
in  chromic  acid,  nor  is  the  staining  once  done  permanent. 
This  want  of  permanency  seems  to  ma  to  be  due  to  two 
causes — either  the  colour  soaks  out  into  the  preservative 
medium,  or  a  sail  of  magenta  (triacid)  is  formed  by  decompo- 
sition, especially  in  the  presence  of  light. 

Some  time,  more  than  a  year,  ago  it  was  suggested  to  me 
^^^  by  a  friend  that  it  would  be  a  goo<i  thing  if  some  method  of 
^^Lpreserving  magenta-stained  specimens  could  be  discovered, 
^^BAccordingly  I  set  to  work,  and  after  some  trouble  have  hit 
^^^Pon  a  process  which,  perhaps,  may  he  found  of  service.  The 
considerations  which  have  led  me  to  adopt  it  are  the 
following: 

Hosaniline,  or  magenta,  is  a  triamine,  and  therefore  with 
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monobasic  acids  forms  three  salts,  in  which  one,  two,  or 
three  atoms  of  hydrogen  are  replaced  hy  the  acid  radicle. 
The  triacid  salts  are  obtained  in  the  presence  of  an  excess  of 
acid,  and  are  all  colotirleBB,  or  nearly  bo,  for  the  most  part 
having  a  dull  reddish-brown  tint.*  j4// salts  of  rosatiiline 
are  soluble  in  alcohol,  ether,  glycerine,  and  chloroform,  and 
in  fluids  containing  more  than  a  certain  percentage  of  these 
substances.  Some,  e.g.  the  mon-acetate  or  mono -chloride, 
are  soluble  also  in  water  or  watery  solutions.  Hence  a 
stained  tissue  plunged  into  water  loses  a  certain  amount  of 
colour,  and  is  ultimately  left  in  a  most  unsatisfactory  condi- 
tion. Moreover,  under  the  in8nence  of  light  and  in  the 
presence  of  organic  matter  tome  of  the  mon-acid  salts  undergo 
a  decomposition  by  which  a  nearly  colourless  compound  is 
formed  and  the  preparation  thereby  spoilt. 

It  appeared  to  me  that  two  things  were  necessary  ; 

(1)  To  find  a  stable  mon-acid  magenta  suit. 

(2)  To  obtain  a  proper  preservative  fluid. 
The  second  condition  can  only  be  fulfilled  by  employii 

watery  solution,  as  a// magenta  salts  will  dissolve  in  glycerine, 
glycerine  and  water,  Canada  balsam,  dammar  varnish,  &c. ; 
the  first,  by  employing  a  mon-acid  salt,  insoluble  or  other- 
wise, unchangeable  in  such  a  preservative  fluid. 

The  salt  I  have  found  preferable  is  the  mono-tannate;  my 
preservative  fluid  is  syrup  prepared  in  a  new  way, 

(1 )  At  first  I  stained  the  given  tissue  in  magenta  (solution 
of  crystallized  magenta,  or  Judson's  magenta  dye),  and  then 
washed  the  stained  tissue  in  a  weak  solution  of  tannic  acid. 
This  plan  is  troublesome  in  practice,  and  the  results  are 
uncertain,  so  that  at  last  it  was  given  up  and  the  tissue 
stained  from  the  first  with  the  mono-tannate.  The  best  way 
of  making  the  staining  solution  is  this : — Prepare  a  strong 
solution  of  tannic  acid  in  water,  dissolve  a  little  crystallized 
magenta  in  water  (or  pour  some  of  Judson's  dye  into  a  test- 
tube  and  add  some  water);  both  solutions  must  be  cold. 
Add  the  tannic  acid  solution  to  the  magenta  drop  by  drop, 
shaking  the  test-tube  from  side  lo  side  after  adding  each 
drop,  and  taking  care  not  to  precipitate  the  magenta  solution 
completely.  Let  the  precipitate  settle ;  pour  off  the  fluid,  and 
wash  the  precipitate  by  decantation  several  times  with  cold 
water.  Finally,  let  it  partially  dry,  and  add  first  a  drop  of 
acetic  acid,  then  alcohol  guttatim  till  it  dissolves.  The  solu- 
tion is  pink,  and  stains  very  quickly  and  deeply. 

(2)  Of  the  preservative  solution  I  have  used  two  kinds,  a 

'  .But  Ute  Dum-acid  salts,  on  tlie  ooutrar;,  are  biUliauLlj  coloured. 
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refer  the  second.  They  are  both  prepared  with  sugsr.  Maktt 
I  strong  syrup  and  add  to  it,  while  hot,  3  to  4  per  cent,  of 
bitber  sodium  chloride  or,  what  is  better, calcium  chloride.  The 
Erst,  or  common  snlt  syrup,  dues  not  readily  crystallize,  but 
fwill  do  BO  if  left  exposed  to  the  air  too  long  (a  week  or  eo) ; 
the  second,  or  calcium  chloride  syrup,  crystallizes  with  much 
greater  difficulty — in  fact,  is  practically  uiicrystalliziible. 
Both  are  very  much  concentrated  by  exposure  to  air,  and 
become  quite  as  deuse  as  glycerine  ;  both  mix  readily  with 
water  and  exercise  no  action  on  tissues  beyond  rendering 
them  transparent.  Neither  fluid  seems  so  liable  to  grow 
fungi  as  ordinary  syrup,  and,  as  far  as  my  experiments  go,  I 
believe  the  growth  of  fungi  may  be  entirely  preveuted  by 
boiling  in  the  water  one  or  two  pieces  of  white  pepper.  I 
have  kept  the  syrup  through  the  whole  summer  without  a 
single  fungus  making  its  appearance.  Lf  ordinary  sugar  is 
employed  in  making  the  syrup  it  is  always  good  to  filter  it 
before  use. 

Besides  preserving  specimens  stained  with  magenta  very 
well,  I  have  found  these  syrups  of  great  service  in  all  cases 
where  glycerine  is  employed. 

As  to  the  staining  fluid,  I  use  one  of  two  modifications — ■ 
either  the  simple  alcoholic  solution,  or  the  fluid  obtained  by 
adding  water  short  of  precipitation.  The  best  way  is  to  add 
the  water  slowly  till  a  slight  opacity  appears  in  the  alcoholic 
solution,  theu  alcohol  drop  by  drop  till  it  becomes  clear  again, 
but  for  most  purposes  the  alcoholic  solution  answers  very 
well.  When  a  specimen  is  kept  for  some  lime  in  a  rather 
dilute  staining  fluid,  1  have  fuuud  that  the  eflect  produced  is 
much  better  than  when  it  is  rapidly  stained  in  a  strong  one. 
In  fact,  nuclei  and  cells  are  most  stained,  as  by  Beale's 
carmine.  As  suon  as  the  preparation  is  stained  it  is  to  be 
thoroughly  washed  with  water,  which  seta  the  colour  at  once. 
It  is  then  soaked  and  mounted  in  the  syrup,  which  can  be 
used  of  any  degree  of  concentration  suitable  to  the  tissue, 
A  little  of  the  colouring  matter  oozes  out  of  the  interstices  of 
the  tissue  very  often,  but  not  from  the  tissue  itself. 

1  generally  mount  the  specimen  on  a  slide,  and,  if  thick, 
in  a  cell,  and  seal  the  thin  glass  with  dammar  varnish  or 
Brunswick  black. 

Specimens  thus  prepared  and  mounted  have  been  kept  for 
more  than  a  year.  The  colour  is  quite  unchanged,  and  they 
have  become  very  transparent   from  their  loug  soaking  in 


I 
I 


ERNST  BAECKBL. 


I 


Ke  Gastbaea-Theokt,  the  Phti.ogenetic  Ciassification 
of  the  Animai,  Kingdom  and  the  Homology  of  the 
Germ-Lamella.  By  Ernst  Haeckel.  (Translated  by 
E.  Pehcktal  Wright,  F.L.S.,  Sec.  K.I.A.,  Professor 
of  Botany,  Trin.  Coll..  Dublin.     With  PI.  VII.) 

1. — Thb  Causal  Significance  of  Phtlogeneeis  in  Om- 
tooenebis. 

Thb  history  of  the  development  of  organiains  has  in 
these  lattet  times  entered  upon  a  new  period,  in  that 
it  has  raised  itself  from  the  mere  empirical  inquiry  into 
facte  requiting  to  he  investigated  to  a  philosophical  interro- 
gation into  their  natural  cnuses.  Indeed,  the  thoughtful 
inquirer  in  the  domain  of  biogenesis  has  been  troubleii 
for  more  now  than  half  a  century  in  attempting  to  dive 
beneath  the  mere  knowledge  of  biogenetic  appearances  to  a 
deeper  intelligence  of  their  meaning,  or  to  search  after  "  the 
laws  of  organic  development,"  by  the  too  intimate  connection 
of  empirical  observation  and  philosophical  reflection.  But  so 
long  as  the  subject  of  the  development  of  the  organic  indi- 
vidual was  exclusively  pursued,  so  long  could  not  even 
such  praiseworthy  efforts  aim  at  a  causal  knowledge.  Indeed, 
tbia  satisfying  of  the  necessities  of  scientific  causality  is  only 
possible  since  we  have  begun  within  the  last  decade  to 
investigate  the  natural  development  of  organic  species,  and 
by  the  story  of  the  descent  of  organic  species  to  explain  the 
story  of  the  first  appearance  of  the  organic  individual. 

After  Caspar  Friedrich  Wolff,  in  the  year  1759,  by  his 
'Theoria  generaiionis'  had  built  up  epigenesis  on  the  im- 
movable foundations  of  a  history  of  common  development, 
and  after  that  with  this  strong  foundation-stone  for  more  than 
half  a  hundred  years  overlooked.  Christian  Pander  had 
sketched  out,  in  1817,  the  first  outlines  of  the  germ-lamella 
theory,  Carl  Ernst  Baer,  in  1828,  in  bis  '  Entwickelungs- 
geschichte  der  Thiere,'  determined  the  direction,  and  defined 
the  path  along  which  all  subsequent  embryological  re- 
search must  move.  In  this  classical  work  the  quite  new 
science  of  the  individual  development  of  animals  has  been 
laid  dowu  by  the  happy  combination  of  most  careful  obser- 
vation with  philosophical  reflection,  as  well  as  by  the  blemting 
together  of  the  reseaichesof  the  embryologist,  the  comparative 
anatomist,  and  the  systematic  zoologistic,  as  the  starting-point 
of  all  scientific  zoology,  and  has  become  the  focus  around 
which  all  the  difieteut  lawa  of  this  science  must  eventually 
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arrange  themselves.  The  brilliant  and  preftnant  works  of 
Johannes  Miiller  and  Heinrich  Rathke,  which  immensely 
enlarged  our  knowledge,  especially  amon|f  the  lower  animals 
have  kept  themselves  quite  entirely  to  this  path ;  and 
the  most  important  work  next  to  Baer's  essential  work, 
which  has  dealt  with  the  history  of  development  in  animals, 
the  very  valuable  '  Untersuchungeii  iilier  die  Entwickelmig 
der  Wirbelthiere,'  of  Robert  Remak  (1851j,  must  be  looked 
upon  as  an  immediate  continuation  of  Baer's  researches  in 
this  path.  Its  principal  original  value  consists  in  this, 
that  the  empirical  philosophical  investigations  into  the 
details  of  embryology  are  removed  from  the  section  treating  of 
organs  to  that  treating  of  histology,  and  that  the  justness  of 
the  principles  which  Baer  had  posited  in  reference  to  the 
individuals  of  the  second  order— the  organs,  were  put  by  him 
to  the  proof  on  the  individuals  of  the  first  order— the  cell. 
Through  the  wider  extension  which  Remak  gave  to  the 
germ-lamella  theory  it  was  at  the  same  time  raised  to  be 
the  starting  point  of  histogenesis. 

If,  on  the  one  hand,  the  manifest  correctness  and  perfect 
validity  of  the  ideas  thus  introduced  by  Wolff  and  Baer  into 
the  history  of  development,  and  before  all  the  fundamental 
germ-lamella  theory  show  themselves  most  decidedly  by  the 
immense  influence  which  they  exercised  on  the  very  im- 
portant investigations  of  their  numerous. successors;  so,  on 
the  other  hand,  not  less,  though  in  a  negative  way,  was  their 
importance  shown  by  the  weakness  of  the  few  opponents 
who  attempted  to  leave  the  path  which  had  been  pointed  out 
to  them,  and  to  strike  out  into  a  new  and  quite  different 
direction.  The  most  pretentious  of  these  attempts  proceeded 
from  Carl  Boguslaus  Reichert,  who  endeavoured,  in  nume- 
rous separate  papers,  but  more  especially  in  his  Memoir  on 
'dasEntwiekelungsleben  in  Wirbelthier-Ileich.'  (1840),  and 
in  his  '  Beitragen  zur  Kenntniss  des  Zustandes  der  heutigen 
Entwickelungsgeschichte'  (1843)  to  reject  the  germ-lamella 
theory,  and  with  it  the  essential  first  principles  of  zoogenesis 
depending  thereon,  and  in  their  stead  to  set  np  a  wild  con- 
glomerate of  fautaslie  conceits,  that  do  not  for  one  second 
deserve  the  name  of  scientific  hypotheses,  still  less  to  be 
called  theories.  Whereas  the  before-mentioned  authorities 
on  embryology  had  laboured,  by  clearly  expressing  their  ideas, 
and  by  the  exposition  of  the  laws  of  development,  to  bring 
both  light  and  order  into  the  chaotic  fulness  of  embryological 
facts,  and  to  explain  by  falling  back  on  simple  principles 
the  complicated  phenomena  met  with,  Rtichert  attempted  lo 
lererse    this  process,   and    thereby   to  obtain  a   temporary    | 
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authority,  representing  the  simplest  facts  to  be  highly 
complicated,  the  homogeneous  as  heterogeneous,  and  those 
closely  allied  as  being  very  far  apart.  His  highly  ob- 
scure and  confused  bundle  of  thoughts,  both  ou  embryo- 
logic.il  and  histological  subjects  nouhl  doubtless  be  very 
quickly  indeed  forgotten,  were  it  not  that  he  knew  how  to 
envelope  them  in  a  parti -co  loured  covering  of  bombastic 
phraseology,  garnished  with  an  edging  of  philosophical  tech- 
nical terms,  and  by  such  a  mantle  to  hide  the  emptiness  that 
prevailed  within.  Although  a  few  were  thereby  truly  deceived 
and  allowed  an  admiring  acknowledgment  of  his  coufused 
opinions  to  overcome  theui,  yet  these  were  themselves  very 
soon  shown  up  iu  their  true  emptiness  by  Baer,  Itathke, 
Kemak,  BischofF,  Carl  Vogt,  and  others;  and  thereby  only 
showed  the  more  clearly  the  fundamental  security  of  the 
germ-lamella  theory  which  Reichert  had  in  vain  sought  to 
destroy.' 

J  UBt  one  hundred  years  elapsed  from  the  appearance  of  the 
'  Theoria  generationis '  when  the  history  of  developmeut 
received  an  impulse  which  gave  a  new  direction  to  the  beaten 
p)ith.  In  185^  Charles  Darwin  published  his  epoch-making 
work  on  the  Origin  of  species,  which,  by  the  theory  it  con- 
tained of  Natural  Selection,  brought  about  a  highly  fruitful 
reform  of  the  theory  of  descent.  This  latter  theory  had 
already  been  put  forward  in  1809,  by  Jean  Lamarck,  in  bis 
deeply -meditated  '  Philosophie  Zoologique,'  with  full  con- 
sciousness of  its  importance  as  a  true  basis  of  thought  where- 
with to  found  a  Biological  Philosophy  ;  but  it  was  even  with 
it  as  with  Wolff's  equally  important  'Theoria  generationis,' 
'  In  hiatoricKl  revicwB  of  the  subject  of  the  deTelopment  of  organic 
bodies,  one  will  tVequeutly  find  meiitimiKd  witli  tLe  rauies  of  Wolff,  Baer, 
Remak,  &c.  &c,,  alao  tttat  of  Reichert,  aa  one  of  llie  tti<:ntoriuiia  prumotcn 
of  tliis  subject.  Thia  can  oul;  bo  underatnud  to  mean  tliat  Ueicliert 
cantrired  iLrough  liia  completely  erroneous  and  uo substantial  views  of  the 
subject  of  development,  and  by  his  trifling,  pretentions  eaaajs,  to  bring 
about  a  powerful  reaction.  Just  as  in  liistjjJogj  he  lielped  not  a  little  to 
strengthen  the  protoplasio  tbcorj  bj  his  Btrao^e  attacks  upon  it,  ao  aim 
has  be  in  a  manifold  manner,  though  iiidjrectly,  furtjiered  scientifie 
bfjobgj  by  his  incorrect  docirioe  of  "  eaveloping  membranea,"  bj  ijia 
true  "lawa  of  formalwn,"  and  bj  bis  eompletelj  erroneous  views  of 
histogeiieaia.  But  there  is  no  reason  why,  for  all  this,  his  nef.'ative  services 
should  be  compared  with  the  positive  ones  of  Baer,  Rathke,  Reiuak,  and 
the  others,  who  have  also  energetically  guarded  theinBelves  asaiiiBt  such. 
There  are,  indeed,  among  Reicliert's  extensive  enibryohigical  iiiveslirra. 
aoiiiu  few  useful  obitervBliona  (even  a  blind  hen  will  sometimes  atnniSle 
on  a  grain  of  corn),  but,  in  the  gioss  and  on  the  whole,  they  are  to  be  classed 
as  works  of  the  lowest  class,  and  to  he  grouped  with  ihose  by  a  Diuil*, 
Vursj,  Bia.  and  the  like.  A  few  aiguiGcant  ideas,  which  Reicheit  panidea' 
aa  bia  own,  he  iias  ouly  borrowed  [loin  B&t^^B  ui^  otbun. 


THE  OASTRAEA-THEOnV,  BTC.  145 

it  was  allowed  to  fall  into-oblivion  for  a  fiill  half  century,  in 
the  presence  of  a  Bo-called  "  exact "  iiaturwl  history.  Lniiiarck 
had  already,  with  perfect  precision,  affirmed  the  common 
origin  of  all  organic  beings  from  either  one  or  a  very  few  of 
the  simplest  primitive  forniE.  But  as  Darwin  grounded  his 
theory  of  natural  selection  on  the  struggle  for  existence,  and 
pointed  out  how,  under  this  influence,  orjjanised  forms  under- 
went a  constant  slow  transformation,  so  he  went  far  beyond 
Lamarck,  and  taught  us  to  recognise  the  true  effective  causes 
of  the  facts  taught  by  Lamarck — the  changes  brought  about 
through  inheritance  and  adaptahility.  So,  also,  when  be 
next  proceeds  to  explain  thereby  the  origin  of  organic  species 
and  to  build  nji  a  history  of  the  development  of  species,  he- 
must  needs  throw,  at  the  same  time,  a  quite  new  light  on  the 
history  of  the  development  of  the  individual  and  on  embry- 
ology. The  intimate  connection  in  which  tliese  two  branches 
of  the  history  of  organic  development — that  of  the  sjiecies 
and  that  of  the  individual — stand  to  each  other  could  not 
escape  Darwin's  notice.  But  in  his  great  book,  that  had  for 
its  principal  object  the  founding  of  the  theory  of  selection, 
and  also  in  his  subsequent  works  (particularly  in  his  famous 
work  on  the  Descent  ol  Man),  he  only  devotes  a  proportionally 
small  spiice  to  embryology,  and  its  great  signiticiince  is  but 
incidentally  appreciate  J. 

In  my  general  history  of  the  development  of  oi^anisms  (in 
the  second  volume  of  my  '  General  Morphology,'  1S66)   I 
have  made  an  attempt  to  estahlisli  the  closeness  of  the  inti- 
mate relation  of  both  branches  ut'  Biogenesis,  and  to  point  out 
its  true  significance.     I  have  there  represented  the  palseonto- 
logical  history  of  the  development  of  species — Phylogenesis  or 
genealogical  history — as  the  true  causes  of  the  mechanical 
efficacy  of  the  entire  developmental  history  of  the  individual 
which  Ontogenesis  or  germ-history  in  general  depends  upon. 
Without  the  former  the  latter  could,  in  general,  not  exist.     ■ 
The  difficult  part  of  these  relations  lies  in  this,  that  the  con-    1 
nection  between  the  two  is  a  mecbanico-causal  one.     Onto-    I 
genesis  is  a  brief  recapitulation  of  phylogenesis,  mechanically    | 
dependent  on  the  functious  of  inheritance  and  adaptability.^      | 

'  Id  m;  tliciiis  on  Ontoeenesls  lu  tlie  twentietli  ch.-Lpter  of  my  '  GenonI  I 
MorpLolugy '  (vol.  3,  pp.  295 — 300),  X  liava  expressed  Ibis  biogenetic  limda-  | 
mental  iaw  thus:  " OutoeeDcsis,  or  the  developnient  of  llie  organic  in-  j 
dividual,  when  tlie  series  of  alteration  of  rorm  wljiclj  eacli  individual  nrgunisia  1 
psB&cs  tiirougt)  during  the  wliule  lerin  of  ita  individual  Bxistcuce,  is  imms-  J 
diately  conditional  on  Flijloguneais,  or  llie  development  of  tbe  ort^aii^c  stem  1 
(Plijloo)  to  wliicb  it  itMiir  beluugs.  Oaioffeneiu  u  iAe  aiori  and  rapii  ■ 
ntapitulalioit  o/  Ph^logeaeiU  dependeal  on  the  physiokgkai  /HiteUonf  i^m 
i»imifffiee  {reiiradiLction)  and  adnjtlabili/y  {fmirilion).     I'Iik  organic  indi-J 
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Iiiheiitance  from  a  common  ancestor  caupes  tbe  lypicnl 
agreement  in  form  iind  structure  ivtiich  is  met  with  in  the 
early  slages  of  each  class.  Adaptability  to  the  varioua  gor- 
routiding  conditions  of  life  causes  the  differences  in  form 
and  structure  which  the  forms  evolved  therefrom  exhibit  in 
the  different  speciee  of  each  class. 

Inheritance  as  a  physiological  function  appertnius  to  the 
phenomena  of  reproduction.  Adaptabihty  as  a  physiological 
function  appertains  to  the  group  of  phenomena  of  nutrition 
as  is  pointed  out  in  detail  in  the  niueteenth  chapter  of  the 
'  General  Morphology  '  (p.  148—894), 

Phylogenesis  is  the  mechanical  cause  of  ontogenesis.  In 
this  single  proposition  our  principal  monistic  conception  of 
organic  development  is  clearly  pointed  out,  and  on  the  verity 
of  this  principle  the  truth  of  the  Gas  traea- theory  pre-eminently 
depends.  The  consequences  of  this  \vil1  unfold  themselveB  a 
little  further  on.  For  or  against  this  proposition  must  every 
naturalist  in  the  future  decide  who,  not  satisfied  with  merely 
wondering  at  the  remarkable  phenomena  occurring  in  Bio- 
genesis, will  aspire  beyond  this  to  understand  their  full  signi- 
ficance. By  this  proposition,  at  the  same  time,  ia  the  never- 
to-be-filled-up  gulf  marked  out  which  separates  the  older 
teleogistic  and  dualistic  from  the  newer  mechanical  and 
monistic  morphology.  If  the  physiologiciil  functions  of 
inheritance  and  adaptability  are  pointed  out  as  the  only 
causes  of  organic  structure,  so  therewith,  at  the  same  time, 
every  species  of  teleology,  or  of  dualistic  and  metaphysical 
speculation,  is  withdrawn  from  the  realm  of  biogenesis,  and 
the  sharp  antithesis  between  the  leading  principles  is  there- 
with clearly  defined.  Either  there  exists  a  direct' and  causal 
connection  between  ontogenesis  and  phylogenesis,  or  there 
does  not.  Either  ontogenesis  ia  a  concise  abstract  of  phylo- 
genesis or  it  is  not.  Between  the  acceptance  of  these  two 
there  is  no  third  1  Either  epigenesis  and  descent,  or  pre- 
formation and  creation. 

In  reference  to  this  decided  alternative,  His  deserves  special 
notice,  because  he  has  rejieatedly  and  definitely  pronounced 
himself  against    our  fundamental  laws    of  biogenesis,    and 

vidual  repeats  during  the  rapid  and  aliort  cnurse  of  iU  individual  develo]). 
uient  tlie  nioat  important  or  tliose  cLanecs  of  form  wliicb  its  proBi-nitors 
liave  passed  througli  during  tlis  slow  and  Inii^  courses  o(  tbeir  pajffonlo. 
logical  development,  acconliug  to  llie  laws  of  inlii-riiBiice  and  aduuLubilitj. 
Tbis  true  fundamental  law  ol  organic  development  ia  tlie  indisjieiiuable  basis, 
upon  wbicb  rests  tlie  whole  inner  concord  of  Ifae  historj  of  develop- 
ment. I  repeat  it  here,  because,  firstly,  its  acceptation  is  required  for  the 
understanding  of  tlie  following  discnsBion ;  and,  secondly,  because  il  ia  blill 
eoiubaled  bj  utaoy  respected  natunliiila.         . 
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against  there  being  any  condition  between  ontogenesis  and 
phylogenesis.^  He  seeks,  instead  ofthis,  to  explain  the  onto- 
genetic phenomena  in  the  most  superficial  manner  by  bend- 
ings,  foldings,  &c.  &c.,  without  being  able  to  assign  any 
further  ground  whatever,  any  operative  cause,  for  these 
**  mechanical"  developmental  processes.  The  useless  display 
of  mathematical  formula  which  His  makes  cannot  thereby 
hide  the  want  of  a  true  causal  principle,  nor  lend  any  worth 
to  his  paradoxical  fancies.  As  I  have  already  explained  in 
the  *  Biology  of  the  Calcareous  Sponges'  (p.  47^),  such  fancies 
appear  only  as  humorous  illustrations,  not  fit  for  earnest 
refutation ;  at  the  same  time  these  big  blunders  prove  how 
necessary,  for  the  workers  in  the  difficult  field  of  ontogenesis, 
is  the  finding  one's  position  in  the  province  of  comparative 

^  His  *  Untersuchangen  uber  die  erste  Anlage  des  Wirbeltbierleibes/ 
Leipzig,  1868,  pp.  211 — 223,  and  ebewliere.  Very  characteristic  of  his  con- 
oeptiou  of  biogenesis  are  bis  general  remarks  on  the  subject  in  his  dis- 
course, '  Ueber  die  Bedeutung  der  Entwickelungsgescliichte  fiir  die  Auffas- 
sung  der  organischen  Natur'  (Leipzig,  1870,  p.  35).  His  considers  it 
necessary  to  guard  the  claims  of  the  history  of  individual  development 
against  the  overwhelming  power  of  the  Darwin  intuition,''  and  thinks  '*  that 
the  whole  of  the  arguments  derived  from  morphology,  or  the  history  of 
development,  in  favour  of  Darwin  are  not  for  this  reason  of  sufficient 
strength,  because  they  by  no  means  require,  as  the  immediate  consequences 
of  the  phy^ological  principles  of  development,  the  explanation  of  the  widely 
circuitous  genealogical  relationship.  If  the  genealogical  relationship  of 
organic  existence  actually  undergoes  such  expansion  as  enables  it  to  take  in 
everything  which  the  theory  undertakes  to  sustain,  so  must  all  typical  and 
developmental  coincidences  appear  as  quite  indisputable  consequences  (! !). 
To  reason  a  posteriori  from  the  typical  and  developmental  coincidences  to  a 
blood  relationship,  rather  than  more  practically  to  acknowledge  the  demon- 
strated growth,  might,  on  a  first  glance,  but  not  longer,  be  allowed.  Such 
a  prospect  discloses  the  different  aims  of  development  like  empty  realisations 
of  a  mathematically  defined  circle."  This  explanation  of  His  refutes  itself 
on  accurate  examination.  But  to  understand  the  perfect  baselessness  of 
his  point  of  view,  one  need  only  look  a  little  closer  into  the  "  phvsioloffical 
principles  of  development "  by  which  His  tries  to  "  illustrate  mechanically  " 
the  ontogenetic  events ;  to  eliminate  the  theory  of  descent  and  to  deny  the 
connection  between  ontogenesis  and  phylogenesis.  Here  it  needs  but  the 
quoting  of  a  single  example — so  characteristic  is  it — to  show  the  style  and 
manner  in  which  His  thinks  to  prove  the  principles  of  morphology  to  be 
necessary  consequences  of  a  mechanical  development  {loc  cit.^  p.  34).  His 
says  :  "  How  simple  the  homology  of  the  fore  and  hind  limbs  appears  when 
we  know  that  their  first  appearance  is  determined  by  the  crossing  of  four 
folds  encircling  the  body,  like  the  four  corners  of  a  letter  {!).  How  clear 
also  becomes  the  once  difficult  comparison  of  the  anterior  with  the  posterior 
extremities  of  the  body,  when  we  also  here  go  back  to  the  primitive 
fact  that  the  head  as  well  as  the  posterior  extremities  of  the  body  finds 
its  termination  in  an  unfiapped  fold,  and  that  all  the  mechanical  conditions 
which  accompany  such  an  unfiapped  fold  must  make  their  appearance  in 
front  as  well  as  behind."  It  would  be  difficult,  indeed,  in  the  whole  range 
of  the  literature  of  morphology,  to  find  an  example  of  an  equally  crude  and 
superficial  explanation  of  a  morphological  relationship. 
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anatomy  ami  the  referring  the  ontogenetic  procesfles  to  tJieir 
mechanical  phylogenetic  causes — l^eir  true  "  cauSEe  effi- 
cientes."  If  His  had  only  known  a  little  of  the  facts  of 
comparative  anatomy  and  nf  the  ontt^enesis  of  Invertebrata 
he  would  scarcely  have  published  his  essays. 

To  perceive  quite  clearly  the  complete  antithesis  between 
this  pretended  exact  "physiological  "conception  of  ontogenesis 
and  our  antecedent  explanation  of  the  same  by  phylogenesis,  it 
is  only  neceaaary  to  compare  these  abortive  inquiries  of  His's 
with  the  masterly  outline  of  the  history  of  the  development  of 
the  Crustacea  which  Fritz  Miiller  has  given  in  his  eminently 
suggestive  work, 'Fiir  Darwin'  (Leipzig,  1864).  Here  the 
immediate  dependence  of  ontogenesis  ou  phylogenesis  is 
proved  from  the  multifarious  range  of  forms  of  one  whole 
class  of  animals,  and  the  former  is  actually  explained  by 
means  of  the  latter. 

Here  we  find  both  the  formalive  forces — inheritance  and 
adaptability — referred  to  as  the  true  "  physiological"  causes 
of  ontogenesis  and  the  laws  regulating  their  activity  recog- 
nised. Two  of  the  most  important  propositions  which  Fritz 
Miiller  herein  lays  down,  and  which  have  a  special  bearin?  on 
our  present  subject,  are  as  follows : — The  historical  witness 
(of  ancestral  development),  preserved  in  the  developmental 
history  (of  the  individual),  will  gradually  become  obliterated. 
Such  development  always  follows  a  direct  path,  from  the  ovum 
to  the  perfect  animal,  and  it  will  frequently,  in  the  struggle 
for  life  which  the  free  living  larval  form  must  undergo,  put 
on  a  deceptive  appearance. 

The  past  history  of  the  species  (phylogenesis)  would  he  so 
much  the  more  fully  preserved  in  its  developmental  history 
(ontogenesis)  in  proportion  to  the  duration  of  its  younger 
stages,  which  also  themselves  pass  through  similar  phases, 
and  so  much  the  more  truly  the  less  the  life-habits  of  the 
young  deviate  from  those  of  the  adult  forms,  and  the  less 
the  peculiarities  of  ihe  individual  younger  stages  present 
themselves  as  retrogression  from  a  later  to  an  earlier  division 
of  life,  or  as  indepemlent  entities  f  Fiir  Darwin,'  pp.  77-81). 
Whilst  Fritz  Miiller  founded  these  laws  on  the  ontogenesis  of 
various  Cnistacffia,  and  from  the  common  uauplius  young 
form  of  the  most  different  kinds  thereof,  he  concludes  that  a 
common  nauplius  form  was  the,  ancester  of  the  whole  class, 
and  he  explains,  at  the  same  time,  a  number  of  remarkable 
phenomena,  which,  without  this  application  of  the  theory  of 
descent,  would  remain  perfectly  unexplicable,  not  to  say 
incomprehensible.  The  causal  bearing  of  phylogenesis  on 
ontogenesis  may  be  at  once  perceived  therefrom. 
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2.  The  Causal  Significance  of  the  Gastraba-theort. 

The  application  of  the  general  biogenetic  principles  to  the 
different  departments  of  special  biolofry,  and  especially  to  the 
natural  systems  of  organisms,  is  a  scientilic  problem  which, 
it  is  true^  must  be  claimed,  as  a  matter  of  course,  by  all 
thinking  biologists,  but  which  encounters  the  greatest  diffi- 
culties at  every  attempt  to  carry  it  thoroughly  into  execution. 
These  difficulties  in  general  chiefly  depend  on  the  low  condi- 
tion of  development  of  our  biological  knowledge,  on  the  little 
participation  which  biology  has  hitherto  had  in  the  funda- 
mental formatwe  developmental  functions  of  inheritance  and 
adapiability,  but  more  especially  on  the  great  deficiencies 
and  incompleteness  of  the  empirical  so-called  "records  of 
creation"  which  the  three  schools  of  ontogenesis,  pulseon' 
tology,  and  comparative  anatomy  offer  ns. 

In  spite  of  these  great  obstacles  and  diilicnlties,  the  import- 
ance of  which  1  do  not  lose  sight  of,  I  have  ventured,  in 
1866,  in  my  '  General  Morphology,'  to  make  a  first  attempt  to 
arrive  at  the  natural  system  of  organisms  with  the  help  of 
the  biogenetic  principles  of  the  theory  of  descent,  and  in  the 
"  Systematic  introduction  to  the  general  history  of  develop- 
ment" (vol.  2,  pp.  xvii — clx)  to  establish  phylogenesis  as  the 
basis  of  the  natural  system.  I  have  renewed  and  improved 
this  attempt  in  a  more  popular  form  in  my  '  Natnrlichen 
Schopfiingsgeschichte '  (1868;  4th  ed.,  1873).  But,  never- 
theless, these  first  attempts  (as  I  expressly  designated 
them  from  the  beginning)  have,  with  few  exceptions, 
encountered  only  lively  disapproval  and  decided  disap- 
probation among  my  immediate  colleagues;  but  no  one 
has  troubled  himself  to  supersede  my  pbylogenetic  system  by 
a  better  one.  This  problem  lies  before  any  one  who  admits 
the  theory  of  descent,  and  aims  at  a  causal  comprehension  of 
organic  forms.^ 

'  Tbe  best  defence  againat  tbe  numeroua  attacks  wbicb  my  phjiogeiietio 
sjBtem  of  orgauisms  baa  endured  aetms  to  nie  to  be  that  I  am  always  trjing 
111  improve  it,  and  IbuB  to  arrive  at  bu  understand iu<;  of  tbe  causal  eoitsectitm 
if  the  oreanie  Jvrm,  wliicli  cannot  be  arrived  at  iu  auj  alber  way.  TIm 
Utujis  of  RilLiiiiejer,  one  of  tlie  moat  ener^relic  of  m;  opponents,  to  wbose 
opinion  mj  (teni'alosical  tree  does  not  agree  witli  Darwinism  and  tbe  Ibeory 
of  descent,  luivc  been  alrend J  disposed  of  ia  Lbc  preface  to  tlie  tbird  edition  of 
tbe  '  Naturlioben  SobopliingsKeacliicbte.'  It  is "enougb  at  preoenl  to  quote 
tbe  nuve  seuleiLce  in  wbicb  Uiitiitiejer  bimselr  aptif  churucte rises  his  com- 
preliension  of  tbe  tbeorj  of  deecent : — "  Darwin's  views  appear  i.o  me  to  be 
a  species  of  oalnralist's  religion,  which  we  can  only  be  for  or  against,  bat 
the  odium  theologicum  is  admitted  as  a  proverb,  and  I  do  not,  therefor^ 
illHgil"'  tliat  luuch  can  come  of  it." 
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I  am  now  about  to  attempt,  in  the  following  pages, 
materially  to  improve  that  first  gcneiilogical  sketch  of  the 
natural  systemj  and  with  the  aid  of  the  biogenetic  principles 
on  the  one  hand,  and  the  fundamental  }^erm-lamella  theory 
on  the  other,  lo  eetablish  a  theory,  to  which  I  attribute  a 
eaueal  importance,  for  the  natural  system  of  the  animal 
kingdom,  for  the  comprehensioTi  of  the  development  of  its 
"tvpes,"  and  for  the  natural  relationship  of  its  main  groups, 
and  which  I  will  briefly  designate,  in  a  word,  as  the  Gaslraea- 
theory.  The  real  purport  of  this  Gastraea- theory  depends  on 
the  conception  of  a  true  homology  of  the  primordial  rudiment 
of  the  intestine  [Urdarm],  and  of  the  two  primary  germ- 
lamellEs  in  all  animals  except  the  Protozoa,  and  may  he 
briefly  summed  up  in  the  following  words: — "The  entire 
animal  kingdom  divides  into  tvro  chief  divisions  :  the  older, 
lower  group  of  the  Protozoa  (Urthiere),  and  the  younger, 
higher  group  of  the  Metazoa  (Darmtliiere).  The  main  group 
of  the  Protozoa  or  Urthiere  (animal  Monera  and  Amoeba, 
Gregarina,  Acineta.  Infusoria}  always  increases  only  by  the 
development  of  the  animal  individuality  of  the  first  or  second 
order  fPlastide  or  Idorgan) ;  the  Protozoa  never  form  germ- 
lamellse,  never  possess  a  true  intestinal  canal,  and,  especially, 
never  develop  a  differentiated  tissue;  they  are  probably  of 
polyphyletic  origin,  and  branch  off  from  many  different 
primevally  generated  Monera.  The  main  group  of  Metazoa, 
or  Barmthiere  (the  six  races  of  Zoophyta,  Vermes,  Mollusca, 
Echinodermata,  Arthropoda,  and  Vertebrata)  is,  on  the  con- 
trary, probably  of  monophyletic  origin,  and  arises  from  a 
single  common  root  form,  the  Gastraea,  which  has  sprung 
from  a  Protozoan  form;  it  always  multiplies  by  developing 
the  animal  individuality  of  the  third  or  fourth  order  (Person 
orCormus);  the  Metazoa  always  form  two  primary  germ- 
lamell(e,  always  possess  a  true  intestinal  canal  (a  fevr  retro- 
graded forms  only  excepted),  and  always  develop  differen- 
tiated liseuea ;  these  tissues  always  arise  from  the  two 
primary  germ-lamellat  only  which  have  been  transferred  as  an 
inheritance  of  the  Gastraea  of  all  the  Metazoa,  from  the 
simplest  sponge  up  to  the  man.  Next,  the  group  of  Metazoa 
divided  again  into  two  sub-groups,  first  the  Zoophyta  (or 
Cielenterata),  which,  in  consequence  of  their  habits  in  life, 
form  the  so-called  radiate  type  ;  and,  secondly,  the  Bilateria 
(or  Sphenota),  which,  in  consequence  of  their  crawling  habits 
of  life,  form  the  so-called  "  bilateral  type."  Among  the 
Bilateria,  the  lower  worms  (Accelomi)  agree  with  the 
Zoophyta  in  the  want  of  the  ccelom  (body-cavity),  and  of  a 
cij-culatory    system  i    and    then,    again,  from  thesti  priuiary 
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iWer  acoeloniatoiis  worms  the  higher  worms  (Ceelomati) 
liHvp  secondly  developed  themselveB  by  the  formation  of  a 
ccelom  and  of  a  circulatory  system  (ilei>eiidiiig  thereon).  Four 
divergent  descendants  of  theccelomatoua  worms  form  the  four 
typical  most  highly  developed  mces  of  animals:  the  animal 
Items  or  phylse  of  the  Mollusca,  Echiuodt;rmata,  Arthropoda, 
id  Vertebra ta. 

The  firm  foundation  for  this  Gastraea- theory,  and  for  the 
widely  extending  consequences  which  we  are  ahout  to  deduce 
from  it,  is  explained  in  my  monograph  of  the  Calcareous 
sponges  (1872).  In  the  preparation  of  this  monograph  I 
chiefly  endeavoured — firstly,  to  give  as  thorough  and  com- 
prehensive a  representation  as  possible  of  all  the  biological 
relations  of  this  interesting  little  group  of  animals  ;  and, 
secondly,  to  attempt,  upon  the  "ground  of  their  extreme 
plasticity  of  form,  "  an  analytical  solution  of  the  problem  of 
the  origin  of  species,"  to  give  an  analytical  proof  of  the  truth 
of  the  theory  of  descent.  But  besides  these  special  ubjecta, 
the  developmental  history  of  the  calcareous  sponges,  the 
discovery  of  their  gastrula  form,  as  well  as  the  question  of 
their  natural  aiGnities,  and  their  place  in  the  animal  system, 
necessarily,  and  of  itself,  led  me  on  to  the  general  question  of 
the  homology  of  their  germ-lamellte  with  those  of  the  higher 
animals,  and  thus  further  on  to  that  series  of  ideas  whose 
nucleus,  in  a  word,  forms  the  Gastraea- theory.  The  leading 
ideas,  which  will  be  developed  subsequently,  are  all  con- 
tained already  in  the  monograph  of  calcareous  sponges,  but 
in  it  there  was  neither  room  nor  filling  opportunity  to 
develop  them  further.  In  giving  here  this  explanation  of 
the  Gastraea- theory,  I  must  refer  throughout  to  the  mono- 
graph of  calcareous  sponges  for  the  series  of  special  observa- 
tions which  serve  me  as  a  sure  empirical  basis.' 
—     The  surest  possible  ground  from  external  evidence  was 

W  '  Tlie  following  passages  in  the  first  volume  of  tlie  '  Calcareous  Sponges'  i 
Wtie  eapeoinllj  to  be  compared  : — Doctriae  of  individiialil.j  (pp.  89 — 13i),  , 
rWstologj  (pp.  13U— ISO),  oi^Dology  of  the  eaual-ajBlem  (pp.  310—298). 
deteiopment  (pp.  328—360),  aduptabilit?  (pp.  381—391),  iiiherkanoe 
(pp.  399 — 108),  and  pliiloaophy  of  llie  calcareous  s[mn(fea  (pp.  453 — i84). 
la  the  last  division  are  liie  refleclionE  on  the  primordial  form  of  l.he  BpoDges 
(p.  453),  the  germ -lamella  ilieorj,  and  ihe  genealogical  tree  of  the  animal 
liiiigdom  {pp.  4G4,  465 ),  the  bii^enetic  principle  (p.  471),  anil  ibe  causes  of 
the  produaiiun  of  form  (p.  481),  are  of  apecial  importance  with  res|)ect  to 
Uie  Gastraea- theory,  lu  oriier  l«  avoid  useless  repelilions,  1  niiiBt  again 
refer  to  these  paasaeea  in  the  first  volume  {'  The  Biology  of  Calcareoua 
8[)oiiges'}.  Munj  rdaiive  observations  are  spi:cially  delailed  in  the  secoad 
volume  ('The  System  of  Calcareous  Spunges ').  Illustrative  fiuurca  are  to 
be  found  iu  tbe  sixty  plates  which  form  the  third  volume  ('The  Alias  of  1 
Calcareous  Sponges'). 
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obtained  for  the  accurate  division  of  the  animal  k 
the  two  primary  sections  of  Prutozi>a  and  Metazoa,  between 
which  the  Gastraea  stands  as  a  fast  l)oundary-stone,  by  my 
proving  the  existence  of  a  primurdial  rudiment  of  an  intes- 
tine in  the  sponges,  and  my  pointing  out  the  development 
from  it  of  the  two  primary  germ -lamellae,  which  furnish  the 
same  common  basis  for  the  original  formation  of  the  body,  in 
all  Metazoa  up  to  the  Vertebratse.  On  the  other  hand,  the 
demand  arose  to  obtain  for  this  firm  boundary  line  a  decisive 
negative  eecnrity  by  internal  evidence;  that  it  should  be 
proved  that  all  the  Protozoa  were  totally  without  both  a 
rudimentary  intestine  and  the  two  primary  germ- lam ellee. 
In  this  respect  the  Infusoria  only,  especially  the  Ciliata, 
presented  considerable  difficulties,  as  their  position,  till  very 
recently,  has  wavered  backwards  and  forwards  between  the 
primitive  animals,  the  Zoophyia,  and  the  worms.  I  hope 
that  through  my  lately  published  investigations  into  the 
morphology  of  the  Infusoria '  I  have  definitely  decided  this 
difficult  question,  and  also  have  thoroughly  repelled  the 
attacks  which  have  recently  been  made  on  the  view  first  put 
forward  by  Siebold  (1843),  that  the  Infusoria  are  unicellular 
organisms,  and  therefore  true  Protozoa. 

The  celebrated  researches  into  the  ontogenesis  of  several  of 
the  lower  animals,  which  A.  Kowalevsky  hiis  published 
during  the  last  seven  years  fin  the  Memoirs  of  Si.  Peters- 
burg Academy),  and  which  I  must  consider  the  most  important 
and  suggestive  of  all  recent  ontogenetic  worka,^  were  of  espe- 
cially high  value  to  me  in  proving  the  true  homologies  of 
the  two  primary  germ-laniellee,  in  ail  the  Metazoa,  without 
which  the  Gas traea- theory  cannot  be  maintained.  However 
Kowalevsky  does  not  accede  to  the  homology  asserted  by 
me  to  be  complete,  of  the  two  primary  germ-laraellEe  in  the 
different  groups  of  animals,  and  considers,  f 
that  the  intestinal  glandular  layer  of  Insecta,  and 
entoderm  of  the  Hydroida,  &c.,  are  special  struct 
He  also  differs  from  me  considerably  about  the  significance 
of  the  secondary  germ -la  me  lite.  But,  on  the  whole, 
think  I  may  assert,  that  the  important  facts  which  he  hi 

'  '  JenaiBcUe  Zflitachrift,'  vol.  vii,  1873,  p.  516,  tt.  27,  28. 

'  Tlje  oDlogenctic  works  of  Eowalevaky,  especially  those  on  Amphioxua, 
ABciriia,  Euaies,  Halotbiiriii,  &c.,  Iiave  nut  fuund  b;  far  tbe  eetlmnle  wijich 
tliej  deserved.  Tliia  misfortune  is,  perliaps,  cLieflj  due  to  Lis  extremely 
careleas  and  uamethodical  method  of  description.  It  is  very  difficult  to 
undentaud  liim,  not  oni;  because  liU  train  of  tuought  is  dcflcjeiil  in  logical 
sequence  and  coneecuiiie  arrangement,  but  because  tlie  NlustrationH  are 
jiarl!;r  not  described  at  all,  partij  wroiiglj  numbered,  or  given  without 
suScieut  reference  to  the  leit, 
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discovered  are  strong  proofs  of  the  truth  of  the  Gastraea- theory. 
This  may  also  be  said  of  the  remarkable  and  valuable  investi- 
gations on  the  ontogenesis  of  the  lower  animals  which  Edouard 
van  Beneden,  jun.,  has  published  in  several  memoirs,  especi- 
ally in  his  prize  essay  on  the  composition  and  sigriificantt;  of 
the  animal  ovum*  (1870.) 

E,  Ray  Latikester  has  lalely  published  (in  May,  1873) 
an  essay  well  worth  reading  on  the  primitive  germ-lamellfe, 
and  their  signi^cance  in  the  c-lassiticalion  of  the  animal 
kingdom.'  which  is  in  substantial  agreement  with  the  suc- 
cession of  ideas  which  have  led  me  on  to  the  Gastraea- 
theory.  It  is  true  that,  in  particulars,  we  in  different  ways 
diverge,  and  especially  different  are  our  views  of  the  secon- 
dary germ-!amell8e,  aa  well  as  of  the  coelom,  and  of  ihe 
relation  of  the  vascular  system  with  the  primitive  segment 
organs.  But  in  most  respects,  and  especially  with  regard  to 
the  homologies  of  the  primary  germ-lamellie,  Ray  Lankester's 
ideas  completely  agree  with  mine.  This  agreement  ia  so 
much  the  more  satisfactory,  as  we  have  been  working  inde- 
pendently of  each  other,  and  have  arrived  at  the  same  result 
by  different  methods. 

In  regard  to  the  conclusions  which  I  subsequently  draw 
from  the  Gastraea- theory,  and  some  of  which  affect  the 
most  impurtant  principles  of  comparative  anatomy  and  de- 
velopmental history,  as  well  as  the  classification  of  the  animal 
kingdom,  I  must  lay  claim  to  that  liberty  of  natural  philo- 
sophical speculation  (or  in  other  words,  intelligent  com- 
parison of  empirical  results),  without  which,  in  my  opinion, 
general  biology  cannot  advance  a  step  forwards.  1  have 
fully  explained  my  ideas  of  the  right  of  necessarily  combin- 
ing the  empirical  and  philosophical  methods  in  my  "critical 
and  systematic  introduction  to  the  general  morphology  of 
organisms,"  as  well  as  in  my  systematic  introduction  to  the 
monograph  of  calcareous  sponges,  and  can  here  simply  refer 
to  ibese  detailed  justifications  for  my  adopting  this  stand- 
point. 

In  any  case,  proof  may  be  given  by  the  following  disqui- 
sition, that  Cuvier's  and  Baer's  theory  of  types  which  has 
formed  the  basis  of  zoological  classification  for  more,  up 
to  the  present  day,  than  half  a  century,  has  been  rendered 
untenable  by  the  progress  of  ontogenesis.     In  its  place,  the 

1  Edoaard  tbli  Benedeti, '  Recliercliea  sur  la  compoaition  ct  la  significalion 
it  I'ffiuf,'  Broieilea,  1870. 

E.  Ray  Lankester  "On  the  FrimiUve  Cell-lBjcre  of  the  Bmhryoaa  tbe 

is  of  Genealogical  GlassiGcatioD  of  Animals,  and  on  the  Origin  or  Vascular 
lid  LjDiph  Sj^teinB;*'  'AtintJs  and  MaR.of  Nalurai  History,' 1873,  vol.  li. 
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I  tfaeCtenopbora  and  corals  fPl.  VII,  fig.  2).  In  the  class  of  the 
worms  the  same  gastriila  (the  so-called  "infusorian-like 
embryo")  occurs  sometimes  in  exactly  the  same,  sometimes 
in  a  more  or  less  modified  form,  in  the  flat-worms  fTurhel- 
laria,  PI,  VII,  fig,  3,  and  Trematoda);  in  the  round  worms 
(Nematoda,  Sagitla):  in  the  Bryozoa  (Polyzoa)and  Tuuicata 
(Ascidia,Pl.VII,fig.4);  in  theGephyrea  and  Annelida  (Pho- 
ronis,  Euaxes,  LumbricuSj  Chselopoilai).  In  the  class  of  the 
Echinodermata  the  gastrula  appears  to  be  very  widely  distri- 
buted in  all  four  divisions,  especially  in  the  Asteridte  and  Holo- 
thuridea^CPl.VII.fig.  6).  In  the  class  Arthropoda  the  gaatrula 
is,  indeed,  nowhere  any  longer  completely  preserved  in  its 
original  simjile  form,  but  it  is  very  easy  to  reduce  the  earliest 
embryonic  forms  of  the  nauplius  (as  the  common  root-form 
of  the  Crustacea),  and  of  many  of  the  lower  tracheal  breath- 
ing forms  to  the  gastrula^  (PI.  VII,  fig,  7).  In  the  class 
Mollusca,  the  gastnila  appears  to  he  widely  distributed, 
especially  in  the  groups  of  Mussels  and  Snails,  and  probably 
^  bIbo  in  the  Spirobranchia ;  amcmg  the  snails  it  has  been  first 
observed  iu  Lisinae'.i.s*  (PI.  VII,  fig.  5).  Lastly,  in  the  class 
Vertebrata  the  orginal  gastrula  form  is  only  fully  preserved  in 
the  Aciania  (Ampliioxus,  PI.  VII,  fig.  8).  Nevertheless  the 
continuity  which  exists  between  the  ontogenesis  of  the  Am- 
pfaioxus  and  of  the  other  Vertebrata  leaves  no  doubt  remain- 
ing that  the  ancestors  of  the  latter  have  passed  through  the 
gastrula  form  in  earlier  periods  of  the  earth's  history  at  the 
commencement  of  their  ontogenesis.^ 

The    phenomenon,   that  the  gastrula  recurs  in  the  same 

'  Oa  the  gastrula  of  the  vorms,  tlie  works  of  Eowalcvskj  are  eapeciallj 
to  be  conaulted — '  M^nioireB  de  I'Academie  de  St.  Petersburg,'  torn,  s.  No. 
IB  ^18C7)  ;  torn,  iti,  No.  1!  (1871) ;  his  ontogenesis  of  Plioronis,  of  tbe 
Ascidia,  and  his  embrjologicaJ  aludles  on  worms  and  Artliropoda. 

»  Tlie  gastrula  of  the  Kchinodermain  are  made  intclligibln  to  ns  bj  the 

"6^==-if'-Tf...J.a!ianQe3Muller,  of   Aleiander   Agaasiz  (' Einhryologj  of  the 

StarliBh,'  PI.  I,  Eg.  S5-3^'^a£OM"¥QS!SJ^'"skT   (' Outr  genesis  of   the 

Holothuria ').  ■'       ^^^"^-^  s^ 

*^hat  the  ancestors  of  the  Artl,ropoda  moat  also  hV'^-  ''".^'''P^''-'^f'^- 

».    rom  the  gastruls,    is   dearlj'praved    by    be   ooStt^^r^Ih 

|^..to,ene«isof  the  Crnstaeaa.-rd":^''^!^^:^?,^!^-"^""^ 

manner  as  ni  the  Zoorihytes   wnrn,«   TP^i  ■      ,''^""0|'ed  m  exactly  the  same 
VtridM,  ^mal  (I.  o..  Pi"  if  l"  16  TS  ™t»gmmu  or  Hi.  oUe,< 
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actual  construction  and  form  as  the  earlier  condition  of  indi- 
yidual  development  in  representatives  of  all  the  animal 
groups  (except  only  the  Protozoa),  is  a  biogenetic  fact  of  the 
greatest  significance,  and  confirms  the  safe  conclusion  accord- 
ing to  a  biogenetic  fundamental  law,  that  all  the  phylse  of 
the  animal  kingdom  (except  the  Protozoa)  branch  off  from  a 
single  common  unknown  root.form,  which  was  formed 
essentially  like  the  gastrula.  In  the  ^  Philosophy  of  the 
Calcareous  Sponges'  (1.  c,  pp.  345,  347,  467)  I  have  called 
this  primitive,  long  extinct  root-form,  which  must  have 
existed  already  in  the  earlier  primordial  time  (during  the 
Laurentian  period)  the  Gastraea.  The  acceptation  of  this 
root-form,  whose  next  descendants  during  that  period  pro- 
bably appeared  in  many  different  genera  and  species  of 
Gastraeada,  is  firmly  established  by  the  homology  or  mor- 
phological identity  of  the  gastrula  in  the  most  different 
groups  of  animals.  It  is  therefore  a  witness  of  special  sig- 
nificance that  the  cells  of  both  germ-lamellse  have  everywhere 
retained  their  distinctive  characters  (by  inheritance*).  The 
cells  of  the  inner  germ-lamella  or  entoderm  are  everywhere 
distinguished  by  their  undifferentiated  condition  ;  their  shape 
is  globular  or  irregularly  polyhedric,  their  protoplasm  is 
opaque,  granular,  diffluent,  with  oil-globules,  and  is  quickly 
and  intensely  coloured  by  carmine  ;  their  nucleus  is  generally 
globular ;  for  the  most  part  they  are  not  vibratile.  On  the 
other  hand,  the  cells  of  the  outer  germ-lamella,  or  exoderm, 
are  further  differentiated ;  their  form  is  mostly  cylindrical  or 
conical ;  their  protoplasm  is  pale,  clear  compact,  with  no  oil- 
globules,  and  is  coloured  more  slowly  and  less  intensely  by 
carmine ;  their  nucleus  is  generally  elongated  ;  the  exoderm 
cells  mostly  vibratile.'  These  are  apparently  more  strongly 
modified  by  adaptation  to  the  surrounding  outer  world  than 
the  interiorly  placed  entoderm  cells,  which  have  more  truly 
preserved  the  original  character  of  the  morula  cells.  The 
ontogenetic  formation  and  increase  also  proceeds  more  rapidly 
in  the  exoderm  than  in  the  entoderm  cells. 

From  the  gastrula  homologous  in  all  the  groups  of 
animals  (except  the  Protozoa)  follows  necessarily  the  true 
homology  of  the  primitive  rudiment  of  the  intestine  in  all 
animals,  as  well  as  the  homology  of  the  two  primary  germ- 
lamellae,  in  all  those  higher  animals  which  have  lost  the 
original  gastrula-condition  by  the  law  of  contracted  inhefit- 

i^         ^  The  differences  between  the  protoplasm  of  the  exoderm  and  entoderm 
cells  are  altogether  analogous  to  the  differences  between  the  hyaline  cortical 
V  layer  (exoplasm)  and  the  granular  medullary  layer  (endoplasm)  in  the  uni- 
\cellular  animal  bodies  of  the  Infusoria,  Amoeba,  &c. 
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ance.  I  consider  this  homology  so  extremely  important  tlint 
I  accept  in  this  evidence  the  monophyletic  origin  of  the  six 
groups  of  higher  animals  from  ihe  common  root-form  of  the 
Gaatraea,  and  place  them  all  together  as  germ- 1  am  el  la 
animals  {Metazoa  or  Blastozoa)  as  opposed  lo  the  primitive 
animals  which  have  not  yet  arrived  at  the  germ-lamella 
stage.  This  consideration  forms  the  nucleus  of  the  Gastraea- 
theory,  the  most  important  consequences  of  which  will  be 
subsequently  developed, 

Huxley  had,  in  1849,  already  asserted  that  the  two  per- 
manent foundation  membranes  of  the  Acalephaj,  entoderm 
and  exoderm,  were  truly  homologous  to  the  germ-lamellse  of 
the  higher  animals,  see  his  excellent  dissertation  "  On  the 
anatomy  and  Ihe  affinities  of  the  Medusa;."'  Subsequently, 
Kowalevsky  has  laboured  in  a  series  of  very  suggestive 
unlogenelic  works,  lo  extend  this  homology  over  the  largest 
part  of  the  animal  kingdom,  and  to  show  that  (with  few 
exceptions)  the  two  well-known  original  germ-lamellse  of 
the  Verlebrata  also  make  their  appearance  in  invertebrate 
animals  of  the  most  different  groups.  His  brilliant  dis- 
covery of  the  identical  ontogenesis  of  the  Amphioxus  and 
the  Ascidia  (1867^,  one  of  the  moat  significant  and  sug- 
gestive discoveries  of  modem  zoology,  was  especially  im- 
portant in  this  respect,'  This  homology  of  the  two  primor- 
dial germ-lamelliE,  and  the  organs  immediately  origindtiog 
therefrom  is  carried  out  furthest,  but,  at  the  same  time, 
in  a  partially  restricted  manner,  in  Kowalevsky's  latest 
work,  the  '  Embryological  Studies  on  Worms  and  Arthro- 
poda'  (1871).  This  theory  has  next  met  with  the  most 
acute    discernment    and    the    most    decided   advocacy    from 

'  '  Philosophical  Transact  bus,'  1819,  p.  425  ;— "  A  complete  identitj  of 
struclura  connects  the  '  foundation  niembranea  '  of  the  Medusffi  with  the 
corresponding  membranes  in  the  rest  of  tlie  series ;  and  it  is  ourious  to  remark, 
that  lurougiioiit,  the  inner  and  ouler  membranes  appear  to  bear  the  same 
physiological  relalioa  to  one  Boolher  as  do  the  seroua  and  mucous  laytn  nf 
the  germ  ;  the  outer  becoming  developed  into  the  muscular  system  and 
giving  rise  to  the  organs  of  offence  and  defence  ;  the  inner,  on  the  other 
band,  appeariug  lo  be  mora  closelj  subservient  to  the  purposes  of  nutrition 
anil  generation." 

*  The  significant  importance  which  we  attribute  to  Kowalevsky's 
discoveries,  which  were  corroborated  by  KunlFer,  rests,  in  our  opinion,  on 
two  points.  First,  because  the  deep  gulf  between  the  Vertebrata  and 
Invertebrata,  hitherto  considered  impassable,  and  a  chief  impedient  to  the 
theorj  of  descent,  is  thereby  filled  up.  Secondly,  the  original  ontogenetic 
development  of  the  Yertebiata,  as  well  as  of  the  most  disBlmilar  Inverte- 
brata, from  tbc  gastrula,  with  their  common  descent  from  t!ie  CJastraea,  is 
tlierebj  also  proved.  All  the  attempts  which  have  recently  been  made  by 
diSerent  authors  to  dispute  the  fact  of  this  fundamental  discovery,  or  to 
weaken  ita  aignification,  appear  to  be  so  feeble,  tb&t  tbej  aeed  no  refutation. 
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Nikolaus  Kleinenberg,  in  his  excellent  mOTiotjTBph  of 
Hydra,  a  work  which  occupies  a  prominent  poBition  among 
recent  morphological  works  by  the  happy  union  therein 
of  the  most  accurate  objective  observation,  and  clear  phi- 
losophical reflection.  Finally,  I  have  myself  proved  in  the 
biology  of  the  calcareous  sponges  (1.  c.  464),  that  the  tw;o 
primary  germ-lamellee  persist  throughout  life  in  the  sponges 
in  their  simplest  form,  and  that  the  outer  animal  germ-la- 
mella simultaneously  fulfils  the  animal  functions  of  sensation 
and  locomotion,  the  formation  of  the  skeleton  and  integu- 
ment, while  the  inner  vegetative  germ-layer  performs  solely 
the  vegetative  functions  of  nourishment  and  reproiluction.  I 
have,  at  the  same  time,  applied  the  germ-lamella  theory 
directly  to  the  monophyletic  genealogical  tree  of  tJie  animal 
kingdom,  and  have  thus  attempted  to  supply  a  firm  bio- 
genetic basis  for  a  Natural  system. 

Only  the  two  primary  germ-Iamellse  and  the  primitive  in- 
testinal cavity  which  they  enclose  can  be  considered  as 
completely  homologous,  in  the  strictest  sense,  throughout  the 
whole  animal  kingdom  (('.  e.  after  excerpting  the  Protozoa,  in 
all  Metazoa,  from  the  Sponges  to  the  Vertebrata).  The  two 
cell-layers  of  the  gastrula  and  of  the  Gastraeada  which  it 
repeats,  as  well  as  the  exoderm  and  entoderm  of  the  sponges, 
are,  in  this  strictest  sense,  doubllesB  completely  homologous 
with  the  two  primary  germ-lamellte  in  the  embryos  of  the  Ver- 
tebrata, Anhropoda,  Mollusca,  Echiuodermata,  and  Vermes, 
The  apparent  difficulties  in  the  way  of  this  complete  homology 
caused  by  the  formation  of  a  nutritive  yelk  (and  the  conse- 
quent partial  grooving  incident  thereto)  in  most  of  the  higher 
animals  are  easy  to  set  aside  and  to  explain  by  secondary 
adaptation.  On  the  other  hand,  this  homology  becomes  in- 
complete as  soon  as  the  two  primary  germ-lamellBe  begin  to 
differentiate  and  to  develop  between  them  a  middle  cell-layer 
(mesoderm).  The  ontogenesis  of  the  plant-like  animals  and 
worms  plainly  teaches  us  that  this  middle  germ-lamella  is 
constantly  derived  as  a  secondary  product  from  one  of  the  two 
primary  germ- la  me  11 33,  or  perhaps  from  both  simultaneously. 
One  or  both  of  the  primary  germ-lamellas  must,  therefore, 
necessarily  undergo  a  differentiation  in  the  production  of  the 
mesoderm,  and  can  consequently  be  no  longer  exactly  com- 
pared with  the  two  unaltered  and  permanent  germ-lamellse 
of  the  Gastraeada  and  Sponges  (exoderm  and  entoderm), 
They  must  now,  like  the  mesoderm-layer  itself,  rather  be 
distinguished  as  secondary  germ-layers.' 

'  Tbe  primitive  liomolog;  of  tlie  ^aatriila  in  nil  tlie  dJfTereat  Bnimsl 
groups  from  the  sponges  to  the  Vertebrata,  [roin  whicli  ve  directlj  infec 
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4.  The  Phtlooenetic  Signification  of  the  Four 
Secondary  Germ -Lamella. 

Whereas  the  homology  of  the  twn  primary  germ-IamellBB 
with  the  exoderm  and  entoilerm  of  the  gastriila,  and  their 
phylogenetic  identity  iti  all  the  groups  of  animals  (except  the 
Protozoa),  may  be  accepted  with  tolerable  certainty,  on  the 
other  hand,  the  comprehension  and  interpretation  of  the  so- 
called  mesoderni,  or  of  the  middle  (third)  germ-lameiia,  and 
of  all  the  parts  which  spring  from  this  between  the  two 
primary  germ-lamellEe,  is  still  subject  to  many  doubts.  The 
contradictions  which  exist,  in  this  respect,  between  the  dif- 
ferent authors  are  so  great  and  fundamental  that  it  is 
altogether  impossible,  in  the  present  condition  of  ontogenetic 
literature,  to  bring  them  into  agreement.  Not  only  is  the 
origin  and  further  development  of  the  middle  germ-lamella 
quite  differently  described  in  the  different  groups  of  animals,  but 
even  in  one  and  the  same  animal  [for  instance,  in  the  common 
hen  or  in  the  trout)  differeut  observers  affirm  completely 
opposite  facts  with  equal  certainty.  One  author  makes  the 
mesoderm  to  proceed  from  the  lower  germ-lamella  just  as  posi- 
tively as  a  second  author  makes  it  proceed  from  the  upper 
germ-lamella;  a  third  author  thinks  tliat  one  part  of  the  meso- 
derm arises  from  the  lower,  and  another  part  from  the  upper 
germ-lamella  ;  while  a  fourth  author  actually  makes  a  portion 
of  the  middle  germ-lamella,  or  perhaps  even  the  whole,  wander 
inwards  "from  the  ontside!"  from  the  unorganised  nutritive 
yelk.  Even  if  we  wish  to  make  excuses  for  a  large  part  of  these 
irreconcilable  contradictions  on  account  of  the  difficulty  of 
observation,  yet  the  larger  portion  is  certainly  due  only  to  the 

the  true  homologj  of  the  iotesLiue  in  all  tliese  aninmls,  and  tlieir  common 
descent  from  tlie  Gastraea,  ia  of  sucb  importance,  tbat  I  will  tit  least  repl; 
to  tlie  niQUL  iniportant  aC  the  ubjectioua  wljich  ma;  be  raised  against  il. 
These  objections  concern  the  apparentlj  very  different  origin  of  the  gnatrnla 
from  the  aiorula.  lo  most  cases  a  globular  ceU-vesIcle  arises  from  the 
morula,  tbe  wall  of  which  is  formed  bj  a  cell- membrane.  As  this 
vesicle  iitTerts  itself  at  one  |)oint,  it  forms  a  cnp  with  Iwo  surfuces.  If  Ibis 
inversion  ia  complete,  so  that  the  invaginsted  portion  (cnloderm  or  gastral 
lajer)  attaches  itself  on  the  inside  to  the  outer,  uuinvaf^inated  portion 
(exoderm  or  dermal  lajer),  ihe  ^strula  is  complete.  Tliis  seems  to  be 
tbe  arij>inal  matiner  of  the  formation  of  the  gastruls.  On  the  other  luind, 
in  other  cases  the  morula  hollows  itself  out  intcrnallj,  aud  tbe  central 
hollow  (stomachic  cavitj),  the  wall  of  which  consists  of  two  layers,  sabse- 
queotl;  breaks  through  exteruall,v  Coral  opening).  This  mode  of  formation 
of  the  gaatrnia  seems  to  l«  abridged  from  the  Srst  b;  inheiitance.  The 
result  is  just  the  same  in  both  cases,  and  the  apparentlj  sigiiiGctiiit 
difference  of  the  gitnesLs  is  spcondary,  and  to  be  considered  as  the  result  of 
»iaptatioB,  as  Ray  Lankeater  [[ .  c,  p.  330)  has  very  well  shown. 
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careless  or  unmethodical  methods  of  the  obsenrers.  It  is  just 
in  the  ontogenesis  of  the  mesoderm  that  it  strikingly  appears 
how  necessary  for  ontogenetic  inirestigations  is  it  to  constantly 
look  to  comparatiire  anatomy  and  phylogenesis. 

In  order  to  overcome  the  difficulties  which  the  origination 
of  the  middle  or  motor  germ-lamella  really  presents^  it  may  be 
advisabley  first  of  all,  to  separate  from  the  beginning  the  two 
really  different  substances  of  which  it  subsequently  appears 
to  be  composed,  namely,  first,  the  outer  lamella :  Baer's  mus- 
cular layer,  Bemak's  cuticular  layer ;  (better  fibrous  cuticular 
layer)  or  the  muscular  cuticular  layer  (parietal  layer  of  the 
mesoderm) ;  and,  secondly,  the  inner  lamella :  Baer's  vas- 
cular layer,  Remak's  intestinal  fibrous  layer  or  muscular 
intestinal  fold  (visceral  layer  of  the  mesoderm).  There  are 
very  important  reasons  for  supposing  that  these  two  lamellse 
are  phylogenetically  originally  distinct,  although  they  ap- 
pear ontogenetically  in  many  animals  as  secondary  diffe- 
rentiations of  an  apparently  simple  middle  lamella.  This  view 
was  already  maintained  by  Baer,  who  makes  the  two  primary 
germ-lamellae  divide  each  into  two  lamellse.  From  the  division 
of  the  outer  or  animal  germ-lamella  arises  the  cuticular  layer, 
and  the  muscular  layer ;  from  the  division  of  the  inner  or  vege- 
tative germ-lamella  arises  the  vascular  l^yer,  and  the  mucous 
layer.  But  this  view  was  subsequently  almost  entirely  aban- 
doned, and  it  was  believed  that  at  first,  a  third  central  lamella 
arises  from  one  only  of  the  two  primary  cell  lamellse,  and  that 
the  **  muscular  layer"  and  the  "  vascular  layer"  are  products 
of  the  division  of  the  latter. 

In  any  case  the  first  appearance  of  the  mesoderm  seems  in 
theVertebrata  to  be  indistinguishable,  so  that  its  entire  cellular 
mass  must  be  derivedform  oneof  the  two  primary  germ-lamellae. 
Only  the  fact  that  some  of  the  more  reliable  observers  derive 
the  middle  lamella  from  the  upper  (animal)  cell  lamella,  while 
others  derive  it,  in  one  and  the  same  vertebrate  animal  from 
the  lower  (vegetative)  cell  lamella,  with  equal  positiveness, 
gives  rise  to  the  suspicion  that  both  the  primary  germ-lamellse 
subdivide  for  the  construction  of  the  middle  germ-lamella. 
This  suspicion  becomes  almost  a  certainty  by  a  comparison 
with  the  development  of  the  mesoderm  in  the  different  Inver- 
tebrata,  where,  in  many  cases,  only  the  cuticular  muscular 
layer  is  developed  from  the  upper  germ-lamella,  whereas  the 
intestinal  muscular  layer  is  developed  from  the  lower  germ- 
lamella.  Among  many  observations  relating  to  this,  those  of 
Kowalevsky  on  Euaxes  are  especially  significant.  (Petersb. 
Mem.,  1871,  vol.  xvi.  No.  12,  pp.  16,  t.  III).  There  are  also 
numerous   very   recent   observations    on  Vertebrata,  which 
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appear  to  show  that  the  same  method  of  development  occurs 
originally  and  primarily  in  them,  and  that  the  union  of  the 
two  muscular  layers  in  the  simple  middle  germ-lamella  is  a 
secondary  occurrence,  while  the  consequent  division  of  the 
latter  into  the  two  firet  is  a  tertiary  process  (vide  PI.  VII, 
fig.  11 — 16,  with  explanation).  In  connection  with  thissub- 
ject  the  closest  examinaliori  of  the  processes  in  the  axial  parts 
of  the  vertebrate  germ-lamella  seems  to  be  specially  important. 
Here  all  ihe  cell-layers  appear  to  he  very  early  already  more 
or  less  intiiiiiitely  onited  to  the  undifff'rentiated  cell  mass, 
which  His  designates  by  the  name  of  the  axial  cord,  and 
which  he  considered  with  the  germ-lamella  to  form  part  of 
the  original  coverings  of  the  embryo.  This  last  view  is  cer- 
tainly quite  false.  For  the  division  of  the  two  primary  gerra- 
lamellse  is  above  all  things  originally  complete,  as  we  learn  by 
comparing  the  gastrula  in  the  different  groups  of  animals; 
and  their  imion  in  Ihe  axial  cords  of  the  Vertebrata  is  to  be 
regarded  as  a  secondary  coalescence.  But  it  appears  to  be 
a  very  important  observation  that  this  axial  cord  is  composed  of 
cells  of  the  lower  and  upper  germ-lamella,  and  that  it  fitrnishea 
ceils  for  the  lower  as  well  as  for  the  upper  lamella  of  the 
mesoderm.  The  fact  is  also  very  suggestive,  that  a  hori- 
zontal division  of  the  side  layers,  which  extend  nearly  to 
the  axis,  takes  place  also  very  early  indeed,  in  many  Verte- 
brata just  after  the  separation  of  the  chorda  from  the  side- 
layers,  and  even  before  the  differentiation  of  the  layers  of 
the  rudimentary  vertebrse.  In  any  case  this  Bei)aratioii  of 
the  mesoderm  into  two  middle  layers  vanishes  again  during 
the  separation  of  the  layer  of  the  rudimentary  vertehree  ;  but 
it  is  perhaps  to  be  regarded  as  a  precursor  of  the  later  per- 
manent separation  of  the  side  layer.  As  decidedly  of  im- 
portance for  this  question,  I  might  quote  the  observation  of 
Kowalevsky,  according  to  which  only  the  dermal  muscular 
layer  in  Aniphioxue  undoubtedly  arises  from  the  outer,  while 
the  intestinal  muscular  layer  arises  from  the  inner  germ- 
lamella.  Both  muscular  layers  are  here  completely  separated 
originally  (1.  c,  p.  6,  t.  ii,  fig.  20).     Comp.  PI.  VII,  fig.  13. 

If  we  examine  this  difficult  problem  by  the  light  of  the 
'  Theory  of  Descent,'  it  appears  to  be  most  probable  that  the 
cells  of  the  intestinal  fibrous  layer  or  of  the  intestinal  mus- 
cular layer  are  developed  from  the  cells  of  the  gastral  or 
vegetative  lamella  in  a  similar  manner  to  that  in  which  the 
cellsof  the  dermal  fibrous  layer  or  of  the  dermal  muscular  layer 
are  originally  formed  from  the  cells  of  the  dermal  or  animal 
lamella.  For  the  last  process  the  important  discovery  of 
Xleijienberg  is  highly  significant,  according  to  which  the 
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muscular  threads  of  the  Hydra  (the  first  heginning  of  the 
mesoderm)  do  not  become  independent  cells,  but  remain  as 
only  thread-like  processes  of  the  nervous  cells  of  the  outer 
cell-layer,  the  "  neuro-muscular  cells." 

It  is  not  intended  to  imply  by  this  that  the  mesoderm 
is  always  originally  composed  of  these  two  layers.  As  both 
muscular  layers  subsequently  arose  independently  of  each 
other,  the  dermal — the  cuticular  muscular  sheath — as  an 
organ  of  departure  for  the  skin  ;  the  gastral — the  intestinal 
muscular  sheath — as -an  organ  of  departure  for  the  intestine; 
therefore  the  case  is  also  phylogenetically  conceivable  that 
only  one  of  the  two  developes  itself.  This  is  actually 
the  case  in  some  Hydroida,  and  probably  in  the  majority  of 
the  Acalephse ;  the  intestinal  muscular  layer  is  here  absent 
and  the  entire  mesoderm  is  a  product  of  the  exoderm,  and, 
therefore,  with  all  its  parts,  corresponds  only  to  the  cuticular 
muscular  layer. 

As  the  two  muscular  layers  in  the  axial  portions  of  the 
body  cohere  at  first  in  the  Vertebrata,  and  only  separate 
afterwards,  we  can  explain,  by  a  very  old  process  of  growth,  the 
four  originally  separated  secondary  germ-Iamellee,  which  are 
found  in  the  axis  of  the  body  in  the  oldest  Acrania,  and  stand 
in  original  connection  with  the  origin  of  an  inner  central 
axial  skeleton  (the  chorda).  As  the  germ-lamellae  are  already 
early  intimately  connected  in  the  "  axial  cord,"  from  which 
results  many  an  ontogenetic  obscuring  and  abridgment  of  the 
original  phylogenetic  processes,  it  indicates  also  the  very 
early  differentiation  of  the  chorda  and  many  other  special 
processes,  which  occur  early  in  these  axial  portions  of  the 
body.  On  the  other  hand,  we  can  satisfactorily  explain,  not 
only  many  of  these  peculiar  processes,  but  also  the  contra- 
dictions of  most  authors  by  the  view  that  this  central  "  axial 
cord"  is  a  secondary  process  of  growth,  and  that  subsequently 
both  primary  germ-lamellae  (in  the  five  higher  groups  of  ani- 
mals) take  part  in  the  composition  of  the  mesoderm. 

By  this  view  the  origin  of  the  body-cavity  can  be  very 
easily  physiologically  explained.  It  can  be  pictured 
quite  mechanically  as  soon  as  it  is  remembered  that  the  two 
muscular  layers  just  developed  have  a  simultaneous  action 
independently  of  each  other.  A  division  is  then  necessarily 
produced  between  the  two,  and  fluid  collects  in  the  cavity 
thus  formed.  This  fluid  transfuses  through  the  intestinal 
wall  into  the  primitive  body-cavity,  and  is  the  first  blood, 
and  separate  cells  of  the  intestinal  fibrous  layer,  detached 
during  the  transudation,  which  remain  in  this  primitive  blood- 
fluid  and  multiply,  are  the  first  blood-cells. 
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The  true  body-cavity  of  animals,  the  ccelom  (or  the  so- 
called  "  pie uroperi toil eal  cavity"')  has,  therefoie,  also  arisen 
phylogene  tic  ally  in  a  similar  manner  by  the  two  muscular 
layers  or  middle  germ-layers  shrinking  apart,  as  is  known 
to  be  the  fact  ontogenetic  ally,  since  the  time  of  Remak,  in 
the  embryology  of  Vertebrala.  The  mesentery  is  formed 
where  the  two  layers  remain  in  connection,  and  keep  the  in- 
testine firmly  attached  to  the  body-wall.  I  have  already 
fully  detailed  my  morphological  idea  of  the  body-cavity  in 
the  'Biology  of  Calcareous  Sponges'  (p.- 467),  and,  therefore, 
content  myself  here  with  again  expressly  making  it  promi- 
nent that,  according  to  my  view,  the  ccBlora  has  first  arisen 
in  the  Vermes  by  the  above-mentioned  process  (shrinking 
apart  of  the  two  muscular  layers),  and  lias  been  transfurred 
as  an  inheritance  from  these  to  the  four  higher  groups  of  ani- 
mals. On  the  other  hand,  the  ccelom,  or  true  body-cavity, 
ia  absent  in  all  the  Zoopbyta  (sponges  and  Acalephse),  as  well 
as  in  the  lowest  worms,  the  Plathelminthia  (Turbellaria, 
Treniatoda,  CestodaJ.  With  the  ctelom,  the  blood,  and 
the  vascular  system  is  at  the  same  time  absent  in  these 
animals,  for  these  parts  are  inseparably  united.  Where  the 
first  trace  of  true  body-cavity  appears,  the  first  blood  is 
also  already  present,  namely,  the  secretion  which  fills  the 
latter,  the  primitive  "  Hsemolymph"  or  "  Hiemocbyle." 

This  view  of  the  coslom  places  me  in  direct  antagonism  with 
the  view  of  Leuckart,  already  shared  by  most  zoologists,  who 
attributes  to  the  Zoophytes  (his  Ccelenterata)  a  true  coelom, 
and  as  late  as  11^69  represented  his  opinions  thus:  "The 
body-cavity  of  the  Ccelenterata  does  not  lie  between  the 
exodertn  and  entoderm,  but  is  enclosed  by  the  latter,' just 

'  The  teolinicsl  term  calom,  whicU  1  hftve  proposed  in  tiie  '  Biologj  of 
Calcareous  Sponges'  (p.  40tj),  for  LLclme  bodj-carit;  of  BoimaU, U  preler- 
able  to  the  hitherto  cusloniarjeipresiiiUB  "  pleuroperitoneal  CKTilj,"iiot  oiilj 
on  account  of  its  greater  siiorlness  aud'oontenicuoe,  but,  before  ai),  because 
the  other  term  ia  nut  applicable  at  all  in  a  strict  sense  to  the  IiiverLebrata, 
and  applies  to  the  latest  and  most  differentiated  conditiou  of  tho  coilom,  as 
it  occurs  onl;  in  the  higiiest  Verlebrata. 

'  Leuckart  says  (in  the  'Arehir  liir  Naturgeschichte,'  1870,  II,  p.  270), 
''  Tlie  opinion  that  tbe  inner  hollow  structure  of  Ccelcuterata  corresponds  in 
its  morphological  significance  to  tbe  bodj-cavitj  of  otiier  anininle,  has  met 
with  prettj  general  acceptance  in  our  science — a  view  whicli  anatomical 
relations  not  only  justifj,  but  also  compel  the  observer  to  agree  with,"  &c. 
In  reply  to  tliia  we  may  remark  that  Van  der  Uoeven  characterised  tbe 
Acalepliie  twenty  years  ago  in  hia  '  Natural  Hifltory '  (furniBbiii^  corrections 
lo  Leuckart)  quite  correctly  iu  the  following  worila : — "  Venlrioulua  paren- 
ohyniato  corporis  tine  eamlale  atidomiaali  inciusus;  catiales  e  veutriculo 
ortura  dueeutes."  Geogenbaur  (1S61),  Nosohin  (i&65),  Semper  (1807), 
and  Jkowalevskj  (1EU8),  have  subsequently  in  tiic  same  sense  correctlj 
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as  little  can  I  share  the  opinion  of  Kowaleirsky^  who  declares 
the  inyaginated  cavity  or  segmentation  cavity  to  be  the  first 
trace  of  the  body-cavity.  I  can  only  perceive  in  the  hollow 
which  is  formed  during  the  grooving  between  the  furrowed 
cells,  and  which  afterwards  forms  the  hollow  of  the  germinal 
vesicle  (vesicula  blastodermica),  a  casual  hollow  without 
any  permanent  morphological  signification.  It,  indeed,  always 
disappears  again  in  the  course  of  ontogenesis,  and  never  passes 
directly  into  the  true  coelom.  This  last  makes  its  first 
appearance  much  later,  as  a  really  new  formation,  a  division 
between  the  two  muscular  layers.  According  to  Kowalevsky's 
view,  the  coelom  would  be  phylogenetically  much  older  than 
the  intestinal  cavity,  whereas  the  reverse  is  actually  the  case. 
The  intestine  has  certainly  existed  very  long  as  a  primitive 
organ  in  the  Zoophyta  and  Acoelomi,  before  it  developed  (in 
the  Coelomati)  the  true  body-cavity  between  the  intestinal 
wall  and  body-wall. 

{To  be  continued.) 


Atmospheric  Micrography,  by  the  Rev.  M.  J. 

Berkeley,  M.A.,  F.L.S. 

Since  Ehrenberg's  remarkable  treatise  on  the  *  Dust  of  the 
Trade  Winds,'  numerous  observations  have  been  made  on  the 
various  substances  which  float  in  the  atmosphere,  either  in 
connection  with  their  supposed  influence  in  the  production  or 
promotion  of  disease,  or  with  reference  to  the  great  contro- 
versy respecting  spontaneous  generation.  These  observations 
were,  however,  frequently  made  in  utter  ignorance  of  the 
true  nature  of  the  organisms  in  question,  or  with  strong  pre- 
judices in  favour  of  some  particular  theory,  in  aid  of  which 
they  were  interpreted.  It  became  part  of  the  duties  of  Dr. 
Cunningham  and  Dr.  Lewis,  who  were  sent  to  India  by  our 
Government  to  investigate  thoroughly  everything  which 
might  throw  light  on  the  origin  of  cholera  and  other  for- 
midable diseases  to  which  our  Eastern  possessions  are 
especially  subject,  and  from  which  one  of  the  most  formidable 
in  other  countries  certainly  originated,  amongst  other  mat- 
ters, to  see  what  was  really  carried  about  by  the  winds,  and 
the  results  of  the  inquiry  which  more  peculiarly  fell  to  the 
share  of  Dr.  Cunningham  are  certainly  most  extraordinary. 

regarded  the  coelenteric  system  of  cavities  in  the  Zoophyta  as  an  intestinal 
cavity. 
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The  pains  which  he  has  taken  to  collect  all  accessible  previous 
information  on  the  subject,  and  the  entire  freedom  from  all 
prejudice,  added  to  an  accurate  knowledge  of  the  minuter 
forms  of  vegetation  and  of  animal  organismB,  are  amply 
manifested  in  the  valuable  treatise  which  has  lately  been 
received  in  this  country  from  Calcutta.^ 

The  work  commences  with  a  review  of  the  literature  of 
Atmospheric  Micrography,  the  necessity  for  which  is  thus 
stated :  "  Similar  observaliona  have  been  previously  recorded 
by  numerous  other  authors,  and  before  proceeding  to  those 
forming  the  subject  of  the  present  report,  it  may  be  well 
briefly  to  review  the  literature  relating  to  them,  with  a  view 
to  ascertain  what  our  knowledge  of  the  question  really 
amounts  to.  It  is  the  more  desirable  to  do  this  as  no 
general  summary  of  the  kind  has,  as  far  as  I  know,  ever  been 
attempted,  and  the  information  is  scattered  through  scientific 
journals  and  the  transactions  of  learned  societies  in  isolated 
papers,  many  of  which  are,  when  taken  separately,  likely  to 
lead  to  very  imperfect  conceptions  regarding  the  subject  as  a 
'whole.  In  attempting  anything  of  this  kind  I  am  well  aware 
that  the  result  is  likely  to  contain  numerous  omissions  and 
other  imperfections,  more  especially  in  a  country  such  as  ibis, 
where  there  is  great  difEculty  in  obtaining  access  to  the 
requisite  information,  but,  such  as  it  is,  it  may  yet  be  of  use 
in  rendering  the  latter  part  of  the  report  more  intelligible 
than  it  might  otherwise  be,  and  in  facilitating  an  estimate  of 
the  value  of  any  conclusions  there  stated.  A  chronological 
order  has  been  as  much  as  possible  adhered  to,  the  first  obser- 
vation recorded  by  any  author  being  -taken  as  a  starting  point 
for  a  sketch  of  bis  after  work ;  and  where  this  is  not  so,  or 
when  due  prominence  does  not  seem  to  have  been  given  to 
any  set  of  observations,  the  error  is  to  be  entirely  ascribed  to 
lack  of  information,  and  not  to  any  desire  to  undervalue  or 
neglect  any  one's  work." 

The  observations  were  made  at  t*he  two  large  jails  in  Cal- 
cutta, with  the  view  of  determining,  if  possible,  whether  there 
were  any  connection  traceable  between  the  prevalence  of  any 
special  bodies  in  the  atmosphere,  and  the  occurence  of  par- 
ticular forms  of  disease.  They  were  fifty-nine  in  number,  the 
date  of  the  first  being  the  96th  of  February,  and  that  of  the 
last  the   18th  of  September,   1872.^     The  apparatus  was   a 

'  '  Microscopic  ExaminBtions  of  Air,'  bj  D.  Donglaa  Cunniiigliam,  M.B., 
SnrgeoQ  H.M..  Iniliaii  Medical  Service  (qu  special  dutj),  attaclicd  to  Souatary 
Commissioner  willi  Guvcrumenl  of  India.  Calculla,  Fol.  p.  78,  tab.  xii, 
Diag.  iv,  fig.  10. 

^  Tim  cliumle  at  Calcutta  is  verj  drj  fj-om  the  former  date  to  tbe  bcginn- 
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modification  of  that  employed  by  Dr.  Maddox,  the  whole 
turning  freely,  so  as  to  present  its  orifice  constantly  to  the 
"wind,  the  particles  impinging  on  a  vertical  slip  of  microscopic 
glass  painted  with  glycerine,  and  capable  of  beiug  transferred 
without  danger  of  their  being  rubbed  ofi*,  to  the  table  of  the 
microscope,  care  being  taken  that  everything  was  made  pre- 
viously as  clean  as  possible. 

In  the  Presidency  jail  the  apparatus  was  placed  within  the 
largest  enclosure,  on  an  open  space  of  grass,  to  the  east  of  a 
large  tank  in  which  the  native  prisoners  bathe.  The  most 
convenient  locality  at  Alipore  was  to  the  north  of  the  hospital- 
tank,  between  the  compound  of  the  jail  and  the  tidal  nullah, 
from  which  it  was  separated  by  the  wall  of  the  enclosure. 
The  diaphragm  was  removed  every  twenty-four  hours.  The 
magnifying  power  was  in  general  400  diameters,  but  higher 
powers,  ranging  from  800  to  1000  diameters,  were  used  for 
more  minute  bodies.  Dust  from  shelves  of  iron  or  stone  was 
purposely  excluded,  as  algae  or  other  bodies  might  have  grown 
up  from  particles  conveyed  from  the  soil,  rather  than  from  the 
atmosphere.  The  mouth  of  the  apparatus  was  about  five  feet 
from  the  ground. 

On  microscopic  examination  the  deposits  were  found  to 
consist  of  various  matters. 

1.  Particles  of  silicious  matter. 

2.  Particles  of  carbonaceous  matter. 

3.  Fragments  of  hair  and  other  animal  substances. 

4.  Fragments  of  cellular  tissue  of  plants. 

5.  Pollen  grains,  amongst  which  those  of  several  common 
grasses  could  be  easily  recognised,*  and  a  few  belonging  to 

in^  of  June,  and  more  or  less  wet  to  the  beginning  of  September^  which 
accords  with  the  dates  appended  to  the  figures. 

I  This  may  be  of  importance  after  the  very  interesting  observations  of 
Mr.  Blackley  on  the  connection  between  the  pollen  grains  of  grasses  and 
hay  asthma.  [A  brief  record  may  be  given  here  of  Mr.  Blackley's 
results.  They  were  commenced  in  April,  and  continued  till  the  end  of 
July.  In  one  series  t)ie  air  of  a  meadow  at  the  average  breathing  level, 
4  feet  9  inches  from  the  ground,  was  examined.  A  slip  of  glass,  coated 
with  a  thin  layer  of  a  non-drying  liquid,  was  exposed  horizontally.  The 
daily  results  are  tabulated.  The  highest  number  of  pollen  grains  obtained 
on  a  surface  of  a  square  centimetre  in  twenty-four  hours  was  880  on  June  28. 
Sudden  diminutions  in  the  quantity  of  pollen — when  these  occurred  in  the 
ascending  scale  between  May  28  and  June  28 — were  invariably  due  to  a 
fall  of  rain,  or  to  this  and  a  fall  in  the  temperature  combined.  The  amount 
of  pollen  in  the  higher  strata  of  the  atmosphere  was  examined  by  means  of  a 
kite,  which  by  being  attached  to  other  kites  sometimes  attained  an  elevation 
of  1000  feet.  Pollen  was  found  to  be  much  more  largely  present  at  the 
upper  levels  than  at  the  "  breathing  level,"  in  the  proportion,  in  fact,  of  19  to 
1.    Abundant  proof  was  also  obtained  of  the  presence  of  fungoid  spores  in 
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plants  of  other  natural  orders.  It  is  not  certain  that  any 
eeeds  of  Phanerogams  reached  the  diaphragm,  though  one  or 
two  of  the  figures,  except  for  their  small  size,  might  at  first 
seem  to  intimate  as  much. 

6.  AlgEe.  These  were,  in  comparison,  few  in  number,  hut 
besides  those  lower  genera  which  appear  to  be  early  stages  of 
lichens,  there  were  undoubted  fragments  of  OscillaloricB, 
as  in  t,  iv,  fig.  2,  t.  viii,  fig.  4,  of  Desmidiacem,  as  in  t. 
V,  fig.  1,1  of  Closterium  in  t.  xii,  fig.  3,  and  apparently  of 
Diatomacese  in  t-  i,  fig.  4.  These  latter  are,  however,  if 
present  at  all,  extremely  rare. 

7.  Sporidia  of  lichens  are  frequent. 

8.  Far  the  greater  part  of  the  bodies  are  spores  or  sporidia 
of  fungi,  often  at  once  referrible  to  thtiir  proper  genera. 
Spores  of  Macrosporiutn,  and  one  or  two  allied  genera  are 
extremely  common.  Cladosporium  herbarum,  one  of  the 
most  universally  diffused  fungi,  appears  in  one  case  with  a 
spore  in  stttl.  Helminthosporium  is  represented  (apjiarently 
H.  Smithii)  in  t.  viii,  fig.  1.  Sporidesmium  is  not  un- 
frequent.  True  Torulte  do  not  appear  to  be  present, 
but  the  yeast  fungus,  which,  afler  proof  (hat  it  is  nothing 
more  than  a  condition  of  common  species  of  Pemct'lHum, 
Aspergillus,    and    Mueor,    is    so    often    referred   to    Torula, 

■  or  to  Algie,  frequently  occurs,  either  in  scattered  particles, 
or  branched.  A  young  Mucor  with  its  sporangia  is  visible 
in  t.  ii,  fig.  3.  The  curious  genus  Tetraploa,  which  has 
occurred  once  only  in  England  and  once  in  Cuba,  is  not  un- 
frequently  represented,  most  probably  being  not  uncommon 
on  some  of  the  native  grasses,  and  Triposporium  appears  in 
t.  vi,  fig.  2.  Spores  of  UredtnecB  are  frequent,  Puccinia, 
except  in  an  early  stage,  much  less  so.  Far  the  most 
common  bodies  are  sporidia  of  Sph(eriace<E  frequently  in  a 
state  of  germination,  both  in  dry  and  hot  seasons.  So  little 
is  known  of  the  species  belonging  to  this  order  of  fungi  in 
the  neighbourhood  of  Calcutta,  that  they  cannot  with  cer- 
tainty be  referred  to  their  proper  group,  much  less  to  their 

largfi  quantities  in  the  air.  In  one  eiperiment  tlie  spores  of  a  cryptogBin, 
at  lOOU  feet,  weie  su  nuqieroua  iLat  thej  could  not  he  counted ;  at  a  rougli 
estimate  tlie;  could  not  be  teas  than  30-40,0U0  to  tlie  square  inch.  Thiil 
these  organized  contenls  travel  through  the  air  to  a  coiisiderable  diBlance 
vas  proved  bj  a  series  ot  experiments  made  in  the  ontskirts  of  Msiocheater, 
but  within  the  bouodar;  of  one  of  the  most  deoiiel;  populated  parts,  and  in 
110  directiou  within  less  than  one  third  of  a  mile  of  graas  land.  Tiie  ijiisniiu 
ofpollenwas  about  one  tenth  of  that  coUected  in  the  couitlry.^ — 'Experi- 
mental Uesearches  oa  the  Causes  and  Mature  of  Catarrhus  leatiTUS,  by 
C.  H.  Blaoklej,  1873.— Eds.] 
'  At  least,  the  loirer  Qgnre  seems  to  suggest  as  mnch.  ^^^^^^_ 
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species,  nor  is  it  certain  that  they  are  derived  from  the  im- 
mediate neighhourhood.  It  is  very  prohabie  that  several  of 
the  bodies  are  spores  of  Myxogaatres,  the  amoebae  which 
appear  in  certain  specimens  of  pure  rain  water,  being  very 
probably  the  mere  development  of  Myxogastres-spores,  in 
accordance  with  the  well-known  observations  of  Prof,  de  Bary. 
It  would  be  easy  to  point  out  many  which  are  more  probably 
referrible  to  Myxogastres  than  to  any  other  fungi.  Spores 
of  some  of  the  higher'  fungi  may  possibly  be  intermixed, 
but  their  structure  is  in  general  so  simple  that  they  are  not 
easily  recognized.  In  one  instance,  however,  in  the  miscel- 
laneous observations  recorded  in  Section  III,  fig.  4,  there  is 
apparently  the  germinating  spore  of  Tremella  or  some  neigh- 
bouring genus.  The  extraordinary  quantity  of  fungus  spores 
carried  about  by  the  air  is  very  remarkable,  and  the  more  so, 
when  contrasted  with  Ehrenberg's  observations  of  the  dust  of 
the  trade  winds. 

It  is  necessary  to  take  notice  of  some  observations  which 
were  made  on  matters  contained  in  the  air  of  sewers,  care 
being  taken  that  there  was  no  communication  with  the  out- 
ward air.  Many  years  since  Lord  Sydney  Godolphin  Osborn 
made  a  very  praiseworthy  attempt  to  ascertain  what  bodies 
might  be  derived  in  the  air  from  the  mouths  of  sewers. 
These  observations  were  communicated  to  *  Household 
Words.'  It  is,  however,  obvious,  that  the  plan  then  adopted 
would  not  insure  the  derivation  from  the  sewer,  as  similar 
bodies  might  be  conveyed  from  the  external  air;  peculiar 
cautions,  therefore,  were  taken  to  avoid  this  uncertainty.  The 
results  were  very  difierent  from  the  open-air  observations.  The 
only  spores  (with  very  few  exceptions,  and  those  far  from 
certain)  which  appeared,  were  those  of  Aspergillus  and  Pent- 
cillium,  which  were  developed  abundantly  on  the  walls  of  the 
sewer,  and  these  in  four  out  of  eight  experiments  were 
accompanied  with  bacteria.  Oily  particles  were  frequent, 
and  fine  molecular  matter  of  an  uncertain  nature,  in  addition 
to  small  quantities  of  carbonaceous  and  silicious  particles, 
and  a  few  minute  portions  of  cellular  vegetable  tissue. 

The  following  observations  on  the  presence  of  bacteria 
are  important,  as  not  opposed  to  the  atmospheric  trans- 
mission of  these  organisms : — "  The  existence  of  distinct 
bacteria  in  half  of  the  specimens  is  also  very  worthy  of 
consideration   when    the  extreme  rarity   of  such  organisms 

^  In  two  melted  flakes  of  snow  from  Highgate  sent  to  me  mounted  on 
slides  many  years  since,  there  were  undoubted  spores  of  fungi,  some  of 
which  were  possibly  referrible  to  higher  fungi.  Ail  were  perfectly  colourless 
and  transparent. 
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in  a  recognisable  form  as  a  constituent  of  common  atmo^'l 
Gpheric  dust  is  recollected.  Their  presence  here  accords  with 
Cobn's  observation  on  their  conveyance  by  watery  vapour, 
and  suggests  that  their  apparent  absence  in  ordinary  atmo- 
spheric air  is  due,  not  to  their  not  entering  in  it  in  large 
quantities,  but  to  the  fact  that  unless  the  amount  of  watery 
vapour  present  is  very  great  they  lose  their  icharacteristic 
a])pearance,  by  which,  in  default  of  movement,  they  can  only 
be  recognised  "  (p.  52),  The  addition  of  dry  dust  to  fluids 
capable  of  undergoing  putrefaction  was  followed  by  their 
copious  appearance,  and  they  also  were  met  with  in  pure 
rain-water.  It  might,  however,  have  been  expected  that 
they  would  have  appeareil  at  the  commencement  of  the  rainy 
season,  which  is  generally  preceded  by  a  peculiar  vaporous 
condition  of  the  air  in  many  parts  of  India,  but  whether 
this  is  the  case  at  Calcutta  there  is  no  means  at  present  of 
ascertaining. 

It  is  not  necessary  to  give  at  length  the  general  conclusions 
here,  and,  indeed,  most  of  them  have  beeii  anticipated  above. 
The  main  and  most  important  is  the  following  : — "  No  con- 
nection can  be  traced  between  the  numbers  of  bacteria, 
spores,  &c.,  present  in  the  air  and  the  occurrence  of  diar- 
rhcea,  dysentery,  cholera,  ague,  or  dengue,  nor  between  the 
presence  or  abundance  of  any  special  form  or  forms  of  cells 
and  the  prevalence  of  any  of  these  diseases." 

In  a  more  strictly  botanical  point  of  view  the  occurrence 
of  such  numerous  fungus-spores  of  such  various'kinds,  in  a 
situation  where  they  could  scarcely  have  been  suspected  to 
be  present,  and  the  fact  of  so  many  of  them  being  in  a 
Btate  of  germination  is  most  interesting.  It  is  impossible  to 
say  from  whence  the  greater  part  of  them  were  derived,  but 
one  understands  at  once  how  it  is  possible  that  the  same 
fungus  may  occur  in  very  different  latitudes,  provided  the 
climatic  conditions  are  sufficiently  favorable. 

It  is  possible  that  some  of  the  spores  may  have  germinated 
on  the  diaphragm  during  the  twenty-four  hours  in  which  it 
was  exposed  to  the  air,  but,  as  Dr.  Cunningham  says,  it  is 
impossible  to  think  that  this  is  the  case  in  such,  prepara- 
tions as  t.  xii,  fig.  3,  and  he  believes  'that  germination  may 
take  place  while  the  spores  or  sporidia  are  wafted  through 
the  air.  And  this  is  the  more  probable,  as  they  would  very 
rarely  he  taken  up  in  such  a  condition.  If  this  be  true  the 
germs  would  settle  on  their  proper  matrix  in  a  condition 
most  favorable  fur  immediate  propagation. 

Some  interesting  observations  were  made  on  the  or- 
ganisms  which   appeared   in  rain-water  at  Calcutta,   algte 
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forming,  as  might  be  expected,  a  more  decided  feature  than 
in  the  deposits  derived  at  once  from  the  air.  The  conclusions 
at  which  Dr.  Cunningham  arrived  are  the  following : 

1.  Specimens  of  rain-water  in  Calcutta,  collected  with  every 
precaution  to  ensure  their  freedom  from  contact,  contamina- 
tion, sooner  or  later,  frequently  show  the  presence  of  spores, 
mycelium,  zoospores,  monads,  bacti^oid  bodies,  and  distinct 
bacteria. 

S.  They  do  not,  as  a  rule,  contain  any  of  the  higher  forms 
of  infusoria. 

3.  The  zoospores  are  demonstrably  derived  from  the  my- 
celium arising  from  common  atmospheric  spores. 

4.  There  is  every  probability  that  the  monads  and  bacteria 
have  a  similar  origin,  but  it  remains  quite  uncertain  whether 
their  development  is  due  to  heterogenesis  or  to  the  presence 
of  their  germs  within  the  parent  cells,  or  as  the  result  of  a 
process  of  normal  development  in  the  latter. 

The  above  is  but  a  slight  sketch  of  a  most  interesting 
memoir,  every  page  of  which  deserves  careful  attention. 


KEVIEW. 

The  Microscope    and    Microscopical   Technology,     By   Dr. ' 
H.  Fkey,  translated  by  G.  11.  Cutter,  M,[).,  from  the 
fourth   Germao  Edition.     New   York,    ISrS.     Jjoudou, 
Sampson  Low  and  Co. 

The  admirable  text-book  of  Professor  Frey  is  too  well 
known  to  require  any  lengthened  eulogium  at  our  hands.  It 
has  long  been  familiar  to  all  histologists  acquainted  with  the 
German  language,  and  we  must  now  congratulate  English 
readers  on  having  it  presented  in  a  form  accessible  to  them. 

Dr.  Prey  follows  the  practice  of  other  writers  on  the  micro- 
scope in  prefixing  a  general  account  of  the  instrument  itself, 
and  the  methods  of  observing  with  it.  This  appears  to  us  to 
be  the  least  satisfactory  portion  of  the  manual.  The  optical 
part  is,  perhaps,  aufflcient,  but  barely  so ;  that  relating  to 
the  use  and  manipulation  of  the  microscope  is  in  several 
respects  defective.  For  instance,  in  the  case  of  "  correction" 
for  thickness  of  cover-glass  some  description  is  given  of  the 
apparatus,  but  it  is  hardly  explained,  and  no  practical  direc- 
tions for  using  it,  so  that  a  student  relying  on  Professor 
Frey's  instructions  would  find  himself  much  at  a  loss,  or 
obliged  to  use  his  "  correction"  by  mere  guesswork.  The 
subject  of  illumination  is  also  treated  in  a  very  cursory 
manner,  some  of  the  English  condensers  being  figured,  but 
not  explained  ;  and  though  this,  of  course,  is  a  less  important 
matter  in  Germany,  where  artificial  light  is  more  rarely  used 
than  with  us,  still  some  of  these  contrivances  are  practically 
indispensable  for  displaying  the  minuti^  of  high- power  defini- 
tion, which  Professor  Frey  afterwards  shows  that  he  does  not 
despise. 

It  was,  of  course,  natural  that  English  microscopes  should 
receive  little  notice,  since  the  work  was  originally  intended 
for  German  observers  and  students.  Tiie  translator  has 
hardly  supplied  this  deficiency,  even  for  American  readers, 
by  his  lengthy  account  of  the  history  of  microscope- making 
in  the  United  States, 

There  is  a  tolerably  full  account  of  test  objects,  and  their 

Baence  in  the  improvement  of  the  microscope.     The  author 
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disclaims  (and  we  think  with  good  reason)  an  anreasouable 
contempt  for  these  minutiae.  Doubtless  a  great  deal  of  time 
has  been  wasted  in  ^^  resolving  diatoms,''  and  if  that  were 
an  end  in  itself,  it  would  be  a  very  poor  one ;  but  there  can 
be  no  question  that  these  minute  observations  have  done 
much  to  stimulate  the  energy  and  skill  of  microscope  makers. 
Moreover,  microscopes  are  actually  corrected — that  is,  vir- 
tually made — by  the  help  of  these  test  objects.  Herein  lies 
the  fallacy  pointed  out  by  Dr.  Royston  Pigott ;  the  instru- 
ment is  made  to  show  a  certain  appearance  (such  as  exclama- 
tion marks  on  the  Podura  scale),  and  altered  if  it  does  not 
show  it.  Of  course,  then,  it  will  always  exhibit  the  same 
structure,  but  the  value  as  an  independent  test  is  gone,  since 
we  do  not  know  that  the  appearance  may  not  depend  on 
some  fault  in  the  glass  which  we  go  on  perpetuating.  This 
source  of  error  is  not  noticed  by  Professor  Frey,  but  he  gives 
one  additional  test,  too  little  used  by  our  makers,  namely, 
Noberf  8  lines.  Even  these,  however,  test  one  quality  only  of 
a  microscope.  The  only  really  independent  test  is  that  sug- 
gested by  Dr.  Pigott,  the  image  formed  by  the  microscope  of 
a  known  object  visible  with  the  naked  eye.  Here  we  have  at 
once  a  standard  of  comparison,  and  the  photographic  achieve- 
ments of  our  American  colleague,  Dr.  Woodward,  remove 
another  element  of  much  uncertainty,  the  interpretation  of 
observations  with  a  view  to  their  representation. 

These  data  supply  the  bases  for  a  really  scientific  system  of 
testing  microscopes,  which  has  yet  to  be  constructed. 

Perhaps  the  most  valuable  portion  of  Professor  Frey's  work 
is  that  relating  to  the  methods  of  preparing  histological 
objects,  and  the  various  sections  on  staining,  injecting,  and 
mounting.  For  the  purposes  of  the  medical  student  and 
histologist  there  is  no  doubt  that  this  is  by  far  the  most 
useful  and  complete  body  of  instruction  that  has  ever  been 
put  together ;  it  stands,  indeed,  without  a  rival.  The  happy 
eclecticism  of  the  writer  preserves  him  from  the  one-sidedness 
which  is  the  great  defect  of  some  of  our  English  text-books ; 
and  though  his  own  technical  skill  is  well  known,  he  has 
not  been  unwilling  to  receive  hints  from  all  quarters. 

It  is,  of  course,  impossible  to  notice  the  multifarious  topics 
of  this  part  in  detail ;  but  we  may  note  in  passing  that  Dr. 
Frey  still  looks  upon  carmine  as  the  best  colouring  material, 
and,  for  permanent  preservation  of  objects,  upholds  Canada 
balsam  in  preference  to  dammar  or  other  substitutes  lately 
recommended. 

He  also  shares  the  distrust  of  many,  skilful  histologists  for 
mechanical  appliances  intended  to  come  in  aid  of  manual 
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dexterity,  and  objects  to  all  forma  of  section-cutters  or  mi- 
crotoBics,  of  which  he  gives  no  description.  The  American 
translator  has,  however,  inserted  a  description  of  a  section- 
cutter  invented  by  Dr.  Edward  Curtis,  of  New  York,  which 
resembles,  in  the  main,  the  instrument  of  Drs.  Stirling  and 
Rutherford,  but  without  the  freezing  apparatus,  and  having 
this  peculiarity,  that  the  knife  is  held  in  a  frame,  which 
elevates  it  slightly  above  the  table  of  the  "  holder,"  in  which 
the  object  to  be  cut  is  contained.  The  table  is,  moreover, 
made  of  glass,  an  improvement  recently  suggested  by  Mr. 
Needham  in  the  Eugliah  microtome. 

The  remaining  part  of  Dr.  Frey's  work  is  devoted  to  special 
histological  methods,  and  will  be  found  most  useful  by 
workers  at  normal  or  pathological  histology ;  for  botanists 
and  zoologists  it  is,  of  course,  less  suited. 

The  translation  is,  on  the  whole,  fairly  executed,  though 
we  think  the  principle  of  literalness  has  been  carried  to  excess, 
and  has  certainly  often  involved  a  sacrifice  of  elegance  as  well 
.  as  sometimes  of  clearness.  With  regard  to  the  form  of  the 
book,  we  must  only  regret  that  it  has  not  been  found  possible 
to  make  it  smaller  and  less  expensive. 
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A  Finder  for  Hartnaok's  Mioroscopea. — In  working  with 
one  of  Hartnack's  microscopes,  I  found  an  inconvenience 
which  must  have  been  felt  by  others,  from  the  impossibility 
of  adapting  any  one  of  the  ordinary  finders  to  a  stage  so 
simple  in  construction.  Bridgman's  finder,  aa  described, 
p.  4Z,  of  Beale's  "  Sow  to  work  the  microscope,"  at  first  sug- 
gested itself  as  available ;  but  this  is  clearly  suited  only  to 
microscopes  having  at  least  a  sliding  movement  to  the  stage, 
unless  two  are  employed,  one  on  each  side  of  the  stage. 

The  following  contrivance  will,  I  think,  meet  every  require- 
ment. A  line  is  ruled  across  the  centre  of  the  stage  from 
side  to  side,  crossing  this  line  at  right  angles  are  ruled  two 
lines  about  two  inches  apart,  one  on  either  side  of  the  central 
aperture  of  the  Stage.  In  order  to  use  the  finder,  it  will  be 
necessary  to  have  a  small  white  label  affixed  to  each  end 
of  the  slide,  the  most- convenient  size  being  a  round  half 
inch  label.  The  portions  of  the  lines  on  the  stage  left  un- 
covered by  ibe  slide  being  used  for  guidance,  corresponding 
lines  are  continued  across  the  labels  on  the  slide  with  a 
pencil  mark.  Thus,  at  each  end  of  the  slide  a  cross-mark 
will  be  formed,  and  whenever  the  cross-marks  on  the  slide 
are  made  to  coincide  with  the  crossing  of  the  lines  on  the 
stage,  the  part  of  the  object  required  is  in  the  field  of  the 
microscope. 

This  plan  answers  very  well,  but  I  was  enabled  to  render 
the  effectiveness  of  the  arrangement  almost  equal  to  the 
graduated  stages  of  the  larger  microscopes  for  accuracy  in 
finding,  by  the  following  very  simple  device.  I  roughened 
each  end  of  the  slide  by  means  of  a  corundum  file  and  some 
water,  so  that  that  the  lines  on  the  stage  could  still  be  seen 
through  the  ground  glass  ends,  and  the  points  where  they 
cross  marked  on  the  slide  with  a  pencil  or  ink  spot.  Many 
points  may  thus  be  registered  on  tbe  same  slide. 

Not  only  are  tbe  ground  glass  slides  useful  for  this 
pose,  hut  I  thiDk  they  will  serve  a  much  move  valuable 
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pose  to  all  miscroscopista,  by  enabling  them  to  label  all  slides 
at  once  with  the  minimum  expenditure  of  time  and  trouble. 

I  tried,  but  without  success,  to  discover  where  a  snnd-btast 
for  etchiug  glass  was  to  be  found  in  operation;  for  this 
would  obviously  he  the  most  simple  means  of  roughening  the 
enda  of  the  slides.  Frederics  J.  Hicks. 

The  Potato  Disease. — From  a  statement  in  the  '  Agricultural 
Gazette'  (February  7tb,  1874,  p.  185),  a  sum  of  £100 
appears  lo  have  been  granted  to  assist  Professor  de  Bary, 
of  Strasbuvg,  in  ihe  investigation  of  the  life-bistory  of  the 
potato-fungus  {Peronospora  infestans).  In  the  next  number 
an  explanation  was  published  (p.  210)  from  Mr,  Jenkins, 
the  Secretary  of  the  Society,  of  the  grounds  which  had  induced 
the  Council  to  take  this  step.     It  is  as  follows : 

"The  scientific  aspect  of  the  potato  disease  also  received 
the  careful  atleution  of  the  judges  of  the  essays,  and  in  their 
rejKirt  to  the  Council  they  expressed  their  regret  that  no 
essayist  appeared  lo  be  acquainted  with  the  most  recent 
discoveries  in  that  field  of  inquiry.  They  therefore  recom- 
mended the  Council  to  grant  a  sum  of  money  for  the  pur- 
pose of  inducing  a  competent  mycologist  to  unilertake  a 
special  investigation  into  the  life-bistory  of  the  potato- 
fungus.  The  Council  have  adopted  this  course  also;  and  it 
is  most  gratifying  to  be  able  to  announce  that  Professor  de 
Bary,  of  Strasburg,  the  highest  living  authority  on  ihe  fungi 
of  our  farm  crops,  and  especially  on  J,he  potato-fungus,  has 
undertaken  this  important  investigation." 

It  may  be  interesting  to  recapitulate  the  present  state  of  our 
knowledge  of  the  Peronospora.  It  was  first  described  by 
Monlagne  in  1845.  In  the  following  year  Berkeley  pub- 
lished a  paper  in  the  '  Journal  of  the  Horticultural  Society,' 
in  which  he  gave  the  drawings  which  Montague  communicated 
to  him  for  the  purpose,  in  addition  to  thuse  of  himself  and 
Broome.  At  that  time  Berkeley  in  this  coun  try  and  Morren  in 
Belgium  stood  alone  against  the  whole  weight  of  eminent 
botanical  authority,  in  regarding  the  Peronospora  as  the  cause, 
and  not  the  effect,  of  the  potato  disease.  This  paper  established 
the  general  habit  of  the  fungus,  and  also  described  its 
asexual  spores. 

In  1854  Tulasne  published  in  the  '  Comptes  Reudus'  bis 

discovery  of  the  oospores  or  resting  spores  resulting  from  the 

sexual   reprodiiction   of  the   Peronosporea.      Down    to  the 

present  day,  however,  this  has  never  been  verified  in  the  case 

"  "  _  infestans,  although  Berkeley,  as  long  ago  as 

KCBted  that  a   fungus  described  by  Montague  in 
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1845,  under  the  name  of  Artotrogus,  might  be  ihia  second 
form  of  fruit. 

In  1861  De  Baiy  published  an  investigation  of  the  potato 
disease,  in  which  be  described  for  the  first  time  the  mode 
in  which  the  filaments  of  the  germinating  spores  penetrate 
the  potato  plant.  About  the  same  time  he  also  announced 
that  the  sporidia  (which  had  been  first  detected  by  Montague) 
of  the  Peronospora  were  ciliated — were,  in  fact,  zoospores. 
I'Prfivost,  however,  had  discovered  zoospores  i?i  the  nearly 
t'related  genius  Cystopus  in  1807. 

'  In  1863  De  Bary  published  an  elaborate  memoir  'On 
Parasitic  Fungi,'  in  which  the  history  of  the  Peromsporeee 
was  carefully  investigated.  No  one,  however,  has  succeeded 
in  detecting  the  sexual  mode  of  reproduction  of  the  species 
which  infests  the  potato,  and  it  remains  to  be  seen  whether 
l*rofe8sorde  Bary  will  obtain  under  the  auspices  of  the  Royal 
Agricultural  Society  the  information  on  this  important  point 
which  has  hitherto  eluded  him.  While  all  botanists  will 
look  forward  with  interest  to  Professor  de  Bary's  report,  it 
seems  almost  a  matter  for  regret  that  the  Society  did  not 
endeavour  simultaneously  to  enlist  the  aid  of  some  English 
niicroscopists  in  the  investigation.  It  would,  perhaps,  have 
been  possible  for  the  Council  to  request  the  botanical  adviser 
of  the  Society,  who  would  necessarily  be  versed  in  "the  fungi 
of  our  farm  crops,"  to  report  upon  the  subject,  and  to 
Associate  with  himself  some  of  the  not  undistinguished  crypto- 
gamic  botanists  of  this  country,  with  a  view  of  organizing 
during  the  present  year  a  systematic  plan  of  investigation  of 
the  resting  stage  of  this  terrible  parasite. 

Honnting  in  Balsam. — Mr.  W.  H,  Walmsley's  success  in 
mounting  objects  gives  great  value  to  his  practical  suggestion 
contributed  to  Science  Gossip.  He  regi'ets  that  beginners 
should  be  confronted  with  spring  clips,  spirit  lamps,  and 
over-healed  balsam,  when  balsam,  dried  to  the  point  of 
brittleness  and  then  dissolved  to  the  consistency  of  rich 
cream  in  chemically  pure  benzole,  would  obviate  the  neces- 
',ty  for  such  annoyances.  He  frees  the  specimen  from 
loisture  by  drying,  or  preferably  by  passing  successively 
trough  weak  and  absolute  alcohol,  treats  it  with  oil  of 
cloves  which  is  more  desirable  than  turpentine  because 
more  readily  miscible  with  balsam,  and  not  calculated  to 
harden  the  specimens  even  if  they  are  left  in  it  for  a  long 
time,  transfers  it  to  the  slide,  and  arranges  it  ivith  needles, 
places  a  drop  of  the  balsam  solution  on  it  and  applies  the 
glass  cover  in  the  usual  manner.  In  a  few  days  the  mount 
will  be  sufficiently  hardened  to  be  handled  with  safety,  espe- 
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cially  if  after  twenty-four  hours  it  should  be  slightly  warmed, 
and  the  cover  carefully  pressed  down  with  the  forceps,  and 
held  down  with  a  small  weight.  The  best  finish  for  the 
edge  of  the  circle  he  finds  to  he  the  same  balsam  that  is 
used  in  mounting,  laid  on  with  a  camel's  hair  pencil ;  Bince 
this  is  neat  and  handsome,  and  will  not  spoil  the  specimen 
by  running  in,  as  may  happen  with  coloured  varnishes. — 
American  Naturalist 

An  aid^to  Kicfoaoopical  Drawing, — I  wish  to  call  the  atten- 
tion of  those  interested  in  microscopical  work  to  a  modifica- 
tion of  the  existing  apparatu  s  used  for  microscopical  drawing. 
The  instrument  I  use  and  find  more  useful  than  any  other 
for  this  purpose,  on  account  of  its  simplicity  and  the  ease 
with  which  it  is  worked,  consists  of  the  thinnest  possible 
covering  glass  placed  at  a  proper  angle  in  front  of  the  eye- 
piece. The  advantage  of  this  thin  film  of  glass  over  the 
camera  lucida,  the  neutral  tint  reflector  or  the  steel  disc,  is 
that  it  enables  the  pencil  to  be  easily  followed  in  tracing  the 
image  which  is  thrown  upon  the  paper  below.  An  ordinary 
piece  of  white  glass  does  not  answer  the  purpose,  as  it  throws 
two  pictures  of  the  object.  This  doubling  of  the  image  is 
reduced  to  nothing  in  proportion  to  the  thinness  of  the  glass. 
The  instrument  which  I  have  had  made  for  me  by  Mr. 
Sutton,  instrument  maker,  108,  Holloway  Boad,  cost  the 
moderate  sum  of  three  shillings  and  sixpence.  It  is  com- 
posed of  a  brass  collar  (to  aflSx  to  the  eye-piece  of  the  micro- 
scope) to  which  are  attached  two  light  brass  arms,  between 
which  revolves  the  glass,  so  that  it  may  he  placed  at  the 
required  angle. — W.  Kesteven,  Jun. — Lancet. 

Cryptogams  in  the  Interior  of  Eggs. — Professor  Panceri 
made  a  communication  to  the  Institut  Egyptien  at  its 
meeting  on  December  13th,  on  the  cryptogamic  vegetation 
which  he  had  found  within  the  egg  of  an  ostrich.  This 
egg  had  been  given  him  at  Cairo,  and  was  still  fresh,  the 
air  space  having  not  even  been  formed-  He  soon,  however, 
noticed  the  appearance  of  dark  blotches  within  the  shell, 
and  having  broken  it  open  to  ascertain  the  cause,  he  found 
that  they  were  produced  by  the  growth  of  minute  fiingi. 
Instances  of  a  similar  kind  had  already  been  studied  by 
him,  and  he  had  communicated  the  results  to  the  Botanical 
Congress  held  at  Lugano,  in  1859.  The  believers  in  the 
reality  of  the  spontaneous  generation  of  living  organisms 
have  not  been  slow  to  seize  on  these  cases  as  an  argument  in 
their  favour,  since  £  priori  it  would  seem  that  the  shell  of  an 
egg  would  be  quite  impermeable  to  germs  derived  from 
Without.     Panceri  has  succeeded  in  satisfying  himself,  how- 
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ever,  that  the  unbroken  shell  of  an  egg  ie  permeable 
liquids,  and  that  these  may  introduce  germs  into  its  interior. 
He  has,  in  fact,  actually  inoculated  unconcaminated  eggs 
with  a  fungus  which  he  had  obtained  from  the  interior  of 
one  in  which  it  had  made  its  appearance  in  a  way  appa- 
rently so  mysterious,  and  had  cultivated  in  egg  albumen. — 
Academy.  [The  Rev.  M.  J.  Berkeley  states  that  he  has 
found  Gladosporium  herbarum,  in  the  interior  of  ordinary 
fowls'  eggs.] 

Supposed  encysted  Entozoon  with  ova, — Dr.  Maddox's  ac- 
count of  the  occurrence  of  an  encysted  entozoon  with  ova, 
in  the  muscles  of  a  sheep  noticed  in  our  last  voJiime  (p.  309), 
is  seriously  questioned  by  Dr.  Cohbold,  who  thus  writes  in 
'The  London  Medical  Record'  (p.  487,  1873). 

It  forms  an  important  contribution  to  our  knowledge  of 
the  structure  of  the  mutton  measles  (Oj/alioercus  ovis,T.  S.C.); 
but  the  author  has,  without  douht,  fallen  into  errors  of  in- 
terpretation, which  are  too  important  to  be  passed  over  with- 
out comment.  The  entozoon  in  question  is  clearly  the  same 
as  that  which  was  first  described  by  the  writer  of  this  notice 
at  a  meeting  of  the  Pathological  Society,  April  3rd,  1866 
('Trans.  Path.  Soc.,'  vol,  xvii.  p.  463);  other  particulara 
having  subsequently  been  given  in  the  writer's  small  volume, 
'On  Tapeworms'  (1867,  p.  83),  and  in  the  supplement  to 
his  larger  treatise  ('Entozoa,'  vol.  ii.  p.  30),  1869).  These 
references  appear  to  have  escaped  Dr,  Maddox's  attention, 
but  the  actual  facts  observed  by  him  are  particularly  valuable, 
as  adding  numerous  particulars  to  those  already  observed. 

That  we  have  here  a  larval  cestode  entozoon,  cystic  hel- 
minth, small  bladder  worm,  or  meat  measle  shown  to  be 
capable  of  developing  ova  in  its  interior  is  the  conclusion 
arrived  at  by  Dr.  Maddox.  He  has  evinced  the  most  pains- 
taking care  in  comparing  the  so-called  calcareous  corpuscles 
of  this  cyaticercus  with  the  ova  of  a  mature  tapeworm ;  and, 
notwithstanding  the  accuracy  of  his  admirably  drawn  figures, 
he  is  perfectly  satisfied  that  his  encysted  entozoon  contains 
well-formed  eggs.  Dr.  Maddox  even  ventures  (though  with 
evident  hesitation,  as  the  marks  of  interrogation  placed  here 
and  there  imply)  to  refer  to  such  structures  as  the  inlromittent 
organ,  the  ovarium,  and  vitelligene  organ. 

From  Dr.  Maddox's  own  figures,  apart  from  the  over- 
whelming evidence  derived  from  the  records  of  helminthology 
and  personal  experiences,  the  writer  of  this  notice  is  quite 
satisfied  that  the  so-called  ova  are  not  in  reality  eggs,  hut 
merely  large  calcareous  corpuscles  closely  resembling  them. 
The   cystic  outozoon    removed   by   Dr.   Maddox   from    the 
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muscles  of  tlie  lower  pari  of  the  neck,  and  the  '  measle' 
removed  by  Mr,  Heisch  '  from  the  centre  of  a  mutton  chop' 
('  Entozoa,'  loo.  cit.,  p.  30) ,  are  dearly  referable  to  one  and 
the  same  form  of  armed  ceetode  larva.  Setting  aside  the 
errors  of  interpretation  above-mentioned.  Dr.  Maddox's  con- 
tribution is  moat  interesting,  not  only  as  confirming  the 
experiences  of  three  separate  English  observers  {as  to  the 
fact  of  the  occurrence  of  measles  in  mutton) ,  but  as  adding 
numerous  and  useful  microscopic  details. 

Lostorfer's  SyphiliB-corpnsoleB.' — The  observations  of  Los- 
torferwho  described  certain  bodies  which  he  affirmed  became 
developed  in  the  blood  of  syphilitic  persons  have  been  very 
generally  discredited. 

Lately,  however,  Biesiadecki  ( Untersuckungen  aus  dem 
Pathologisch-Anatomischen  Institute  in  Krakau.  Vienna, 
187S),  fallowing  Lostorfer  in  a  large  series  of  experiments, 
has  come  to  ihe  conclusion  that  the  assertions  of  Lostorfer 
are,  with  some  slight  modifications,  correct.  The  mode  in 
which  Biesiadecki  proceeds  in  bis  observations  is  similar  to 
that  employed  by  Lostorfer.  By  means  of  a  pointed  needle, 
a  small  drop  of  blood  ia  taken  from  the  perfectly  clean  finger, 
brought  on  a  clean  glass  slide,  and  covered  with  a  glass.  By 
a  slight  pressure  on  one  edge  of  the  cover-glass  with  the  nail 
of  the  finger,  the  blood  can  easily  be  made  to  spread  out  so 
that  the  blood-corpuscles  lie  only  in  one  layer,  xvithout  being 
broken  up  and  destroyed.  Preparations  in  which  the  blood- 
corpuscles  have  not  spread  out  into  one  layer,  or  in  which 
they  appear  to  be  squeezed,  are  to  be  put  aside  as  useless. 

A  number  of  preparations  are  brought  into  a  moist  chamber, 
where  they  are  kept  at  a  temperature  of  14 — 18°  C,  {57 — 
64°  Fahr.}. 

In  most  of  the  preparations  which  have  not  become  dry 
at  the  edges  of  the  cover-glass,  taken  either  from  syphilitic 
or  other  patients,  e.g.  arthritic  or  rheumatic,  there  appear  on 
the  second,  third,  or  fourth  day  numerous  needle-shaped  or 
rhombic  hEcmoglo bin- crystals,  varying  in  diameter  from  that 
of  a  blood-disc  to  twice  or  three  times  aa  large.  In  blood- 
preparations  of  syphilitic  patients  the  following  changes  take 
place,  beginning  from  the  fourth  day.  In  the  yellowish 
coloured  plasma  there  appears  a  cloudy  opacity,  which  is  due 
to  the  presence  of  small  flakes.  These  latter  are  seen  to 
contain  extremely  small  spherical  bright  granules,  which 
generally  possess  a  filamentous  appendix.  The  fifth  day  the 
number  of  these  granules  becomes  much  greater;  they  become 

'  See  'Quart.  Joimi.  Mio.  Sou,'  1872,  p.  169. 
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much  larger,  perfectly  bright,  spherical  or  irregular-shaped, 
whereas  at  the  same  time  the  filamentous  appendix  disappears. 
These  granules  make  their  appearance  all  over  prepara- 
tions; they  are  not  limited  to  certain  foci.  The  most  of 
them  are  to  be  fouud  on  those  places  in  which  plasma  is  still 
unclosed. 

After  the  twelfth  day,  up  to  wliich  time  their  number  has 
increased  immensely,  no  material  change  can  be  made  out, 
even  up  to  the  twentieth  day,  except  that  some  become  a 
little  larger,  brighter,  and  more  sharply  outlined. 

In  preparations  of  the  blood  of  patienls  suffering  from 
different  diseases  (endocarditis,  acute  rheuinatism,  Addison's 
disease,  gout,  jaundice,  pneumonia,  tuberculosis,  variola, 
puerperal  peritonitis,  septicaemia),  the  above- described  cor- 
puscles make  their  appearance  only  in  an  extremely  limited 
number.  Consequently,  a  preparation  of  blood  which  con- 
tains only  a  few  of  those  corpuscles  is  unavailable  for  a 
diagnosis;  whereas  a  preparation  that  contains  a  great 
number  of  them  eau  be  said  to  have  been  taken fromasyphi- 
li tic  patient.  Biestadecki  succeeded  in  this  respect,  just  as 
Lostorfer,  in  being  able  to  point  out  in  a  series  of  mixed 
preparations,  submitted  to  him  and  prepared  in  the  above- 
mentioned  manner,  which  of  them  had  been  taken  from 
syphilitic  patients,  and  which  not ;  except  in  one  prepara- 
tion, in  which  Lostorfer's  corpuscles  were  present  abundantly, 
and  which  was  taken  from  a  patient  suifering  from  pustula 
maligna;  it  could  not  be  ascertained,  however,  whether  this 
patient  did  not  suffer  from  syphilis. 

Biesiadecki  shows  that  these  corpuscles  are  not  fat,  not 
sarcina,  not  granules  of  colourless  corpuscles,  and  not  fungi, 
as  Lostorfer  was  inclined  to  assume,  but  that  they  are 
granules  of  precipitated  paraglobulili ;  for,  a,  if  a  current  of 
carbonic  acid  be  allowed  to  pass  through  a  preparation  of 
diluted  serum  (plasma  ? — Rep.)  of  a  dog,  similar  corpuscles  to 
those  above  described  make  their  appearance ;  on  replacing 
carbonic  acid  by  oxygen  they  disappear;  b,  if  through  a 
blood-preparation,  in  which  numerous  sypliilis-corpuscles 
have  developed,  a  current  of  oxygen  be  allowed  to  pass,  the 
small  ones  disappear,  whereas  the  larger  ones  diminish  con-  . 
siderably  in  size ;  c.  the  syphilis- corpuscles  do  not  dissolve 
in  either,  but  they  dissolve  almost  entirely  in  a  large  quan- 
tity of  saline  solution  (one  part  of  concentrated  saline  solution 
in  two  parts  of  water).  All  these  are  properties  which  belong 
to  para^lobulin. 

In  blood-preparatjons,  therefore,  which  are  kept  in  a  moiat 
chamber,  that  is,  ig  irhich,  on  the  one  hand,  the  plasma 
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becomes  gradually  diluted  by  absorption  of  water,  and  in 
which,  on  the  other  band,  as  it  must  be  supposed,  carbonic 
acid  is  developed  by  decomposition,  all  the  i-onditiona  are 
present  under  which  paraglobulin  may  be  precipitated. 
That  Lostorfer's  corpuscles  are  to  be  met  with  abundantly 
generally  only  in  blood -preparations  from  syphilitic  patients, 
seems  to  show  that  their  blood  contains  either  more  para- 
globulin  or  less  fibrinogenous  substance  than  other  blood. — 
E.  K.LEIN,  M.D,,  (in  Medical  Record.) 

A  Hew  Soctioii  Cutter. — Professor  Biscoe  has  contrived 
a  new  section  cutter  which  is  principally  adapted  for  pre- 
paring sections  of  soft  vegetable  tissues  and  organs,  such  as 
leaves,  buds,&c.  It  consists  essentially  of  a  large  glass  stage- 
plate  upon  which  the  object  is  fastened,  and  a  movable 
frame  to  slide  upon  this,  carrying  a  razor  blade  at  an  adjust- 
able distance  from  the  plate.  This  apparatus  cuts  sections 
of  objects  while  they  are  under  observation  on  the  stage  of 
the  microscope,  under  powers  as  high  as  the  \  inch  ( x  80} ; 
and  with  it  Prof.  Biscoe  has  been  able  to  cut  series  of  fifteen 
consecutive  sections,  each  one  of  which  was  perfect  and  the 
average  thickness  of  which  was  xoVo  inch.  The  following 
is  his  description  of  the  contrivance  : 

Fig.  1  is  a  plate  that  fits  on  to  the  stage  of  the  microscope 
with  a  tight  friction,  yet  so  that  it  has  movements  of  an  inch 
or  more  in  any  direction,  so  that  the  object  can  be  brought 


into  the  field  of  view ;  a  is  a  glass  plate  held  in  place  by  the 
two  pieces  of  wood,  with  screws  on  the  right  and  left ;  b  is 
the  wooden  base  of  the  affair  with  an  oval  opening  for  (he 
illuminating  apparatus  to  come  up ;  this  wsujtkrr  base  being 
covered  on  the  inner  or  upper  side  with  yi^^to  make  smooth 
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the  friction  on  the  under  side  of  the  stage.  For  use  with  a 
mechanical  stage  this  arrangement  is  modified  and  much 
simplified)  the  large  glass  plate  being  merely  attached  to  the 
stage,  whose  screw  movements  enable  tlic  object  to  be  brought 
into  the  field  of  view.  On  the  middle  of  the  upper  side  of 
the  glass  plate  are  cemented  four  atnps  of  glass  as  shown, 
just  far  enough  apart  to  take  in  a  common  glass  slide,  which 
is  held  in  place  by  a  couple  of  wedges  of  common  sheet  brass ; 
and  on  the  middle  of  a  slide  is  fastened  the  object  to  be  cut, 
either  with  gum  arabic  or  sometimes  with  collodion.  For 
holding  hard  objects  like  wood  the  arrangements  ate  not  yet 
quite  perfected,  but  no  special  difficulty  is  expected. 

Fig.  2  gives  a  perspective  view  of  the  triangular  wooden 
frame  that  holds  a  razor  blade,  r,  whose  edge  and  back  come 
down  lower  than  the  rest  of  the  frame.  By  means  of  the 
three  screws  with  graduated  heads  the  whole  frame,  razor 
and  all,  is  raised  or  lowered  from  the  glass  plate  (a.  Fig,  1)  on 
which  the  triangle  rests  and  slides  with  these  three  screws  as 
its  feet.  These  three  supporting  screws  are  cut  with  a  thread 
that  counts  forty  to  the  inch ;  the  screw  head  is  divided  into 
one  hundred  equal  parts,  and  can  be  moved  without  ranch 
difficulty  through  half  of  one  division,  giving  a  vertical 
motion  of  ■s-bVd  •'^ch  to  the  cutting  edge. 

Fig.  3  is  a  large  view  of  one  of  the  screws,  with  its  indi- 
cator. The  indicator  may  be  a  simple  pin  set  in  the  wooden 
frame,  but  is  more  convenient  if  made  movable  around  the 
axis  of  the  screws,  so  that  when  the  razor  is  returned  after 
sharpening  they  may  be  all  turned  around  to  the  0  of  their 


respective   screws,    and   therefore  all  read  alike,  while  the 

successive  cuts  are  being  made.     On  the  side  of  the  indicators 
are  scales  which  show  how  many  complete  revolutions  of  the 
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screws  have  been  made.  These  indicators  should  move 
quite  stiffly,  so  as  not  to  be  accidentally  misplaced  when 
turning  the  screw  heads. 

With  the  hands  upon  the  triangle  and  the  eye  at  the 
microscope  tube,  the  razor  can  be  moved  so  that  its  edge 
shall  either  make  a  drawing  cut  or  push  straight  through  the 
object  like  a  chisel,  according  as  either  method  or  any  grada- 
tion between  them  suits  best  the  nature  of  the  substance 
cut.  Thus  perfectly  even  slices  can  be  cut,  and  it  is  quite 
easy  to  take  them  in  consecutive  order  even  when  called  off 
in  the  midst  of  the  work  and  compelled  to  wait  half  an  hour 
before  reeumiog  it.  It  is  a  luxury  to  take  off  slice  after  slice 
and  know  that  there  is  no  danger  of  losing  just  the  slices  you 
want  especially  to  see.  The  object  is  kept  wet  with  glyce- 
rine, and  just  as  the  razor  begins  to  cut,  a  drop  of  glycerine 
is  placed  on  its  edge  in  which  the  slice  floats  without 
sticking ;  though  care  must  be  taken  in  the  case  of  very  thin 
and  small  sections  not  to  lose  them  in  a  large  drop  of  glyce- 
rine in  which  they  would  be  found  with  difficulty.  By  this 
method  slices  -nnnr  "f  ""  ^"^^  '"  thickness,  or  rather  in 
thinness,  can  be  all  worked  out  nicely,  though  before  it  was 
adopted  such  thin  slices  were  all  torn,  so  as  to  be  unrecog- 
nisable. Whether  a  blade  can  be  made  to  cut  any  thinner 
than  that  has  not  been  tried  j  hut  it  may  be  remarked  that 
the  first  razor  blade  used  gave  out  at  -s-,Vb  '""h  thick,  and 
would  not  take  an  edge  capable  of  cutting  finer  than  that." — 
American  Naturalist. 

Dr.  Reyner  on  Synovial  Membranes. — We  are  reluctantly 
compelled  to  defer  till  our  next  number  a  paper  by  Dr.  Reijner, 
of  Dorpat,  communicating  the  results  of  an  investigation 
conducted  in  Professor  Sanderson's  laboratory,  at  University 
College,  on  the  articular  cartilages  and  synovial  membranes. 
This  is  in  continuation  of  a  previous  memoir  by  Dr.  Reijner 
on  the  same  subject  published  in  the  '  Deutsche  Zeitschrift 
fiir  Chirurgie.' 


II.  The  Cell.i  1.  Action  of  Quinine  on  Leucoct/ies. — Some 
years  a{ro,  Binz  showed  that  quinine  arrests  the  motions 
of  the  white  blood- corpuscles,  and  this  eifect  ia  uow  explained 
by  the  diminution  in  the  oxidizing  power  of  the  red  corpuscles 
which  the  drug  produces.  The  white  corpuscles  are  only 
active  when  they  are  supplied  with  oxygen,  and  their  move- 
ments are  arrested  by  want  of  it.  On  this  account  they  can 
only  creep  through  the  walla  of  the  blood-vessels  when  oxy- 
gen is  supplied  to  them  by  the  red  ones  as  they  pass  by. 
When  no  red  corpuscles  are  present,  Binz  has  found  that  the 
wbite  ones  cease  to  wander  altogether  ;  and  this  observation 
has  also  been  made  by  Heller  and  Zahn  (Binz, '  Arcbiv  fiir 
Experiment  Pathologic,*  vol.  i ;  '  London  Medical  Record,' 
1873,  p.  308). 

2.  CoBfrac/ifi/y  o/ce//s.— Hosch  (' Pfluger's  Archiv,'  1873, 
»1.  vii,  p.  515-521)  has  observed  the  contractility  of  cavti- 
je-eells   under  the  influence  of  the  induced  cuiTent,  aa 

described  by  Heidenhain  and  Rollett,  in  the  hyaline  cartilage 
of  the  frog  and  newt.  Similar  phenomena  are  seen  in  the 
corneal  corpuscles.  Both,  he  thinks,  may  be  explained  by 
the  thermic  action  of  the  current,  since  the  same  appearancea 
are  seen  under  the  influence  of  heat  or  merely  after  death. 
This  explanation  applies  with  less  certainty  to  the  newt  than 
to  the  frog. 

3.  Dr.  Hollis  ('Journal  of  Anat.  and  Phjs.,' November, 
1873,  p.  I20J  continues  his  researches  on  "  Tissue  metabo- 
lism," or  the  artificial  induction  of  structural  changes  in 
living  organisms. 

I  The  articles  in  thia  diviaion  are  arraDged  under  llie  following  licada:— 
LTeit-booka  and  TecUnioal  Methods.    11.  Tbc  Cell  in  General.   III.  Blood. 

.  JCpillicliuni.  V,  Conneetive  Tissues.  VI.  Muscle.  VII.  Nervous  1 
^lem.  VIII.  Organs  of  Sense.  IX.  Vascular  8j»tem.  X.  Digestive  I 
l^uts  and  QIauils.     XI.  Skiu  md   Uair.     XII.  Viiauj  add  SexuU  J 
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IV.  Origin  of  Epithelium. — The  question  whether  epi- 
thelium alone  can  generate  or  regenerate  epithelium,  or 
whether  it  may  not  sometimes  be  formed  from  connective 
tissue  elements,  lies  at  the  foundation  of  very  important 
problems  of  padiology,  and  even  of  surgery.  We  take  from 
the  '  Medical  Record'  (p.  466,  1873)  the  following  summary 
of  the  evidence  furnished  by  the  modem  practice  of  "  skin- 

■  grafting:" 
"  Considerable  difference  of  opinion  still  exists  regarding 
the  histology  of  this  subject.  Page,  in  the  '  British  Medical 
Journal,'  December,  1870,  thought  that  he  had  established, 
by  microscopic  investigation,  that  the  epithelium  of  the  skin- 
graft  comported  itself  in  the  same  manner  as  ordinary  cica- 
tricial epithelium ;  and  Jacenko  (of  Kiew)  stated  that  he 
found  a  multiple  nucleus  in  the  interior  of  the  cells  of  the 

■  Malpighian  layer  of  the  skin-graft.  But  most  observers 
deny  the  theory  of  proliferation,  M.  Poncet  and  M.  Colrat 
have  both  given  papers  founded  on  microscopic  study,  which 
appear  separately  in  the  '  Lyon  Medical,*  and  these  observers 
arrive  at  conclusions  nearly  similar  to  those  expressed  by  M. 
Eeverdin  in  his  essay  which  appeared  in  the  '  Archives 
Generales  de  Medecine '  {March,  May,  and  June,  1872).  M. 
Reverdin,  on  examining  the  graft  forty-eight  hours  after  it 
had  been  transplanted,  saw  that  granulations  were  separated 
from  the  graft,  and  plunged  down  between  the  body  of  the 
graft  and  the  embryonic  tissue  of  the  ulcer,  with  which  the 
granulations  ultimately  coalesced  to  form  a  single  tissue.  To 
these  prolongations  he  gave  the  name  of  'bourgeoTia  d'en- 
^^  chassement^  or  stilt  granulations.'  He  next  describes  the 
^K  formation  of  the  cicatrix  round  the  graft.  The  cells,  apring- 
^H  iug  from  the  graft,  have  apparently  only  one  nucleus,  and  he 
^V  never  saw  any  appearance  of  it  dividing,  so  that  there  is 
nothing  to  indicate  a  proliferation  of  the  elements,  and  in 
this  MM.  Poncet  and  Colrat  agree  with  him.  And  M. 
Reverdin  further  states,  seeing  that  there  is  nothing  to  indi- 

Icate  formation  of  cells  from  a  blastema,  that  the  only  hypo- 
thesis at  which  he  can  arrive  is,  that  the  transplanted 
epidermis  determines,  by  its  presence,  the  transformation  of 
the  embryonic  cells  of  the  granulations  into  epidermic  cells  ; 
that  is  to  say,  that  the  epidermis  of  the  graft  will  only  form  a 
mould  or  model  to  the  embryonic  cells.  In  practising  zoo- 
grafting,  however  varied  the  animals  were  from  which  he 
obtained  the  grafts,  they  always  produced  the  same  kind  of 
cicatrix,  namely,  the  ordinary  cicatricial  tissue  found  in  man. 
"  Opposed  to  this  view,  we  have  the  theory  which  ascribes 
the  principal  rdte  in  the  production  o£  l\ie  dwtais.  to  the  cgn- 
I  a  m  ^ 
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_^ctive  tissue  ;  and  this  is  advocated  by  M.  Oilier,  who  cites, 
in  support  of  Us  views,  the  success  obtained  by  him  in  pro- 
ducing cicatrisation  by  means  of  a  graft  of  periosteum.  He 
might  also  have  added  the  clinical  observation  of  Howard, 
with  his  muscle  grafts,  as  at  least  opposing  the  theory  of 
Reverdin. 

"  Probably  the  matter  would  be  much  more  easily  solved 
did  we  know  the  mode  of  growth  of  the  ordinary  epithelium. 
We  might  then  be  able  to  ascertain  the  difference  between 
the  formation  of  ordinary  and  cicatricial  epithelium ;  and  we 
would  also  he  better  able  to  ascribe  the  correct  theory  to  the 
production  of  the  cicatrix  from  the  grafts.  Dr.  Otto  Weber, 
long  ago,  stated  that  he  had  seen  new  cells  emanate  from 
connective  tissue  corpuscles  of  granulating  surfaces.  Again, 
many  believe  that  the  epidermic  and  epithelial  cells  are 
derived  from  the  primitive  embryonic  cells,  and  that  each 
must  be  derived  from  its  parent  by  division  of  its  nucleus; 
and  several  observers  state  that  they  have  seen  cells  actually 
undergoing  a  process  of  subdivision.  The  view  of  Reverdin 
has  been  accepted  by  many  [  but  we  think  that  there  is  some 
other  cause,  some  other  influence  or  agency  at  work  in  pro- 
ducing the  cicatrix  from  the  islets  instead  of  the  mere  presence 
of  a  '  mould.'     It  finds  no  homotype  in  the  animal  body. " 

V.  The  Connective  Tissues. — 1.  Parenchymatous  canals. — 
Arnold  (' Centralblatt,'  1874j  No.  l,p.  1)  describes  a  system 
of  fine  parenchymatous  canals  in  the  tongue  and  web  of  the 
foot  of  the  frog,  the  relation  of  which  to  the  safteanalchen  of 
Recklinghausen  and  to  the  connective  tissue  corpuscles  he 
proposes  further  to  discuss. 

8.  Connective  tissue  of  insects. — Graber  ('Schultze's 
Archiv,'  x,  p.  124)  describes  a  sort  of  fibrilloid  connective 
tissue  in  the  integument  of  insects,  and  its  importance  in 
suspending  the  trachcEc. 

S.  Development  of  bone. — Kdlliker's  most  recent  contribu- 
tions  to  this  subject  are  thus  summarised  by  Dr.  Klein  in  the 
'  London  Medical  Record '  (p.  483,  1873) : 

"  1.  The  typical  absorption  of  bane  tissue. — The  doctrine  of 
the  normal  absorption  of  bone  tissue  by  osteoclasts  (myelo- 
plaxes),  in  the  Howship's  absorption-lacuuEe,  brought  for- 
ward by  Kolliker,"  has  been  lately  contradicted  by  Strelzoff, 
who  found  that  bone-tissue,  once  formed,  is  never  absorbed 
again,  but  grows  interstitially.  In  the  present  paper  KoUi- 
ker  brings  forward  some  new  facts  to  meet  these  objections, 
'  lAt  the  djaphysal  extremities  of  long  boues,  the  external  ah-  . 
lorption  attacks  first  the  periosteal  portion  of  the  bone-cortex. 
'  'tiuwfc.  Journ.  Mic.  Sci.,'  1873,  p.  88 
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This  beiug  here  very  thiii,  the  intra-cartilaginous  bone  there- 
fore is  soon  involved  in  the  process  of  absorption.  Such 
absorption-lacunic  remain  for  many  years  in  the  superficial 
layers  of  the  inti'a- cartilaginous  bone.  In  transverse  sections 
through  the  humerus  of  a  human  foetus,  especially  if  they  are 
stained  with  hsematoxylin,  this  is  quite  clearly  to  be  seen. 
Such  sections,  if  they  are  made  through  the  upper  extremity 
of  the  diaphysis,  show  laterally  a  distinct  periosteal  cortex, 
and  on  its  external  surface  an  apposition  of  bone- substance. 
At  the  median  side,  however,  this  periostea!  cortex  is  absent 
altogether,  and  the  periosteum  is  in  immediate  contact  with  in- 
tra-cartilaginous bone,  in  which  the  re&idua  of  the  trabeculfe  of 
the  cartilaginoits  matrix  are  brought  out  remai'kably  well  by 
hcematoxylin — a  fact  first  pointed  out  by  Strelzoflf  himself. 
At  these  points  the  surface  of  the  intiacartilaj>inous  bone 
contains  very  numerous  Howship's  lacuna;,  and  in  them  as 
usual  osteoclasts.  Transverse  sections  through  the  tibia 
below  the  condyles  show  exactly  the  same.  Substantially 
the  same  was  found  in  the  tibia  of  a  male  aged  fifteen  years. 

"2.  Formation  of  the  first  vessels  in  bone,  diiveloped  from 
cartilage  ;  origin  of  the  osteoblasts  and  osteoclasts. — In  this 
paragraph  Kolliker  confirms  the  asertion  of  Loven,  Sbarpey, 
and  especially  of  Gegenbaur,  that  the  marrow  of  bones 
which  are  preformed  as  cartilage,  originates,  in  all  its  consti- 
tuent elements,  from  the  perichondrium  or  the  periosteum 
respectively.  The  circumstances  that  led  Kolliker  to  this 
conclusion  are  these : 

"  (fl)  In  the  cartilage  of  the  epiphyses  and  in  the  short  bones 
the  well-known  processes  of  the  periehondrium,  which  project 
into  the  cartilage,  and  which  contain,  besides  blood-vessels,  a 
fibrillar  matrix  with  spherical  and  spindle-shaped  cells,  do 
not  develop  from  the  cartilage  (Virchow),  but  &om  the  peri- 
chondiium.  The  cartilage  itself  does  not  become  dissolved, 
as  supposed,  by  the  progressive  growth  of  those  processes, 
but  is  simply  pushed  aside. 

"(6)  In  the  diaphysesofthe  phalanges  of  the  embryo  of  calf, 
sheep,  pig,  and  man  it  can  be  shown  that  after  the  appear- 
ance of  the  first  thin  periosteal  crust  of  true  bone  substance 
and  the  first  calcification  of  the  inner  cartilage,  processes 
grow  from  the  osteogenetic  layer  of  the  periosteum,  which 
spread  out  gradually  towards  all  sides,  and  jienetrate  into  the 
cavities  of  the  cartUage-capsules.  The  tissue  of  which  these 
processes  cousist  is  similar  to  that  of  the  perichondral  pro- 
cesses, previously  mentioned,  e.tcept  that  it  is  more  loose,  and 
that  it  contains  more  spherical  elements.  From  these  latter 
the  oateohlnsts  and  oflteoclaBta  (myeloplaxes)  take  their  or^in. 
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By  the  growth  of  those  processes  the  calcified  parts  of  the 
cartilage-matrix  are  gradually  absorbed,  in  which  proceed- 
ings the  osteoclasts  play  an  important  part. 

"  The  cartilage-cells  themselves  do  not  become  transformed 
into  cells  of  the  marrow. 

"  (c)  Exactly  the  same  takes  place  at  the  ossification-margin 
of  the  diaphysis,  for  here  the  elongated  vascular  processes, 
which  gradually  penetrate  from  the  diaphysal  extremity  into 
the  cartilaginous  epiphysis,  are  also  offsprings  of  the  perios- 
teal processes.  Those  vascular  processes  are  always  and 
everywhere  sharply  defined  from  the  cartilage.  Osteoclasts 
are  generally  not  to  be  met  with  at  the  terminal  points  of  the 
vascular  processes,  but  they  occur  in  great  numbers  near  the 
ossification-margin ;  so  that  they  play  certainly  a  part  in  the 
absorption  of  calcified  cartilage-matrix,  but  not  in  the 
dehiscence  of  the  cartilage-cavities. 

"  3.  Growth  of  bones  in  length, — By  the  well  -  known 
method  of  feeding  very  young  animals  with  madder,  Kolliker 
arrived  in  agreement  with  Oilier  and  Humphry  to  the  follow- 
ing conclusions  as  regards  the  growth  of  bones  in  length. 

"  {a)  In  long  tubular  bones  with  epiphyses  on  both  ex- 
tremities, that  extremity  of  the  diaphysis  grows  quicker  whose 
epiphysis  remains  longer  separated. 

^'  {b)  Short  tubular  bones,  with  only  one  epiphysis,  grow 
quickest  at  the  diaphysis  touching  that  epiphysis  (calcaneus, 
metatarsi,  metacarpi,  phalanges). 

"  (c)  All  free  edges  and  apophyses  of  any  bone  show  a 
very  marked  growth  (crista  ossia  ilii  tuber  ischii,  processus 
spinosi  et  transversi,  processus  xyphoideus  sterni,  processus 
styloideus  ulnse). 

"  (d)  The  same  holds  good  with  certain  extremities  of 
long  bones,  which  are  provided  with  a  considerable  layer  of 
cartilage — e.  g,  the  ribs. 

*'  (e)  Short  bones,  with  and  without  epiphyses,  grow  pretty- 
equally  on  all  cartilaginous  surfaces,  which  are  in  contact 
with  other  bones  (vertebral  diaphyses,  tarsus,  carpus, 
sternum). 

"  (/)  All  epiphyses  which  touch  an  articulation  grow  most 
at  the  extremity  touching  the  articulation. 

"  {g)  Those  parts  of  bones  that  are  covered  with  cartilage 
and  are  not  in  contact  with  other  bones  show  a  considerable 
growth.  (The  edges  of  the  vertebral  epiphyses,  the  lateral 
parts  of  all  epiphyses.) 

"  (h)  The  thickness  of  the  cartilage,  whose  cells  are  in  the 
act  of  proliferation,  stands  generally  in  relation  to  the  energy 
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of  the  growth  of  the  bone  in  length.  There  are,  however, 
certain  exceptions  (vertebral  apophyses). 

"  In  the  last  paragraph  of  this  paper  lioUiker  produces  a 
new  scheme  for  explaining  the  growth  of  long  bones.  For 
this,  howeveij  we  must  refer  the  reader  to  the  paper  itself." 

KoUikei's  important  researches,  which  we  have  already 
refeiTcd  to,  are  now  published  in  a  complete  form,  with  eight 
plates  and  many  additions  ('  Die  Normale  Resorption  dea 
Knochengewebes,'  Leipzig,  1873,  4to,  pp.  86). 

4,  Histogenesis  of  bone. — StrelzofF  ('  Eberth's  TJntereuch- 
ungen,'  Zurich,  1873,  pp.  64,  four  plates)  has  published  some 
elaborate  researches  on  the  histogenesis  of  bune,  beautifully 
illustrated,  contradicting  in  some  points  those  of  Kolliker. 

VI.  Unscle. — 1.  Structure  of  voluntary  muscle. — Krause 
('Pfliiger's  Arehiv,'  1873,  vol.  vii,  pp.  508—514)  discusBes 
the  contraction  of  muscle  fibres  and  the  apparent  reversal  of 
the  characters  of  the  singly-refracting  and  doubly- refracting 
substance,  as  to  darkness  and  lightness  ('Umkehrung'  of 
Engelmann)  of  which  he  gives  a  different  interpretation 
from  any  ai'rived  at  by  other  observers. 

Wagetier  (' Schultze's  Arehiv,'  vol.  ix,  p.  712)  concludes 
that  in  striated  muscle  the  fihrilla  is  the  ultimate  element  of 
the  fibre ;  that  all  the  forms  of  transverse  discs  take  their 
origin  only  out  of  the  subdivision  of  the  contractile  substance 
in  different  parts  of  the  fibrilla ;  and  that  the  intermediate 
discs  are  not  definite  structures. 

The  observations  of  Engelmann  and  Schafer  are  thus 
Bummarised  by  Klein  ('  London  Medical  Record,'  1873,  pp. 
647  and  665)  with  those  of  other  observers  already  noticed 
in  this  journal : 

"T.  W.  Engelmann  describes  his  mic rose npii-al  observa- 
tions on  the  striped  muscular  tissue  in  '  Pfluger's  Arehiv,' 
vol.  vii,  part  I.  He  studied  the  striped  muscular  fibres  of 
arthropoda.  They  were  observed  in  a  moist  chamber  with- 
out the  addition  of  any  reagent,  for  reagents  produced  very 
marked  changes.  The  fibres  were  in.  a  perfectly  fresh  and 
living  condition,  showing  still  very  lively  contractions. 

"  Each  nuiscular  fibre  is  divided  into  a  number  of  divisions 
of  equal  sizes  by  transverse  dark  membranes — intermediate 
discs,  which  are  closely  united  with  the  sarcolemma.  Each 
division  contains  in  the  centre  a  bright,  slightly  refractive 
transverse  median  stripe — median  disc  of  Henseii,  on  each 
side  of  which  lies  a  dim,  highly  refiactive  band — the  trans- 
verse disc ;  then  comes  on  each  side  a  bright,  sliglitly 
refractive  band — isotropous  substance;  then  a  dark,  highly 
refractive  stripe — the  lateral  disc ;  and  finally,  again,  a  thia. 
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bright,  slightly  refractive  band — isotropous  substance;  so 
that  each  division  contains,  between  the  two  intermediate 
discs,  one  median  disc,  two  transverse  discs,  then  two  isotro- 
pous bands,  two  lateral  discs,  and  finally  again  two  isotropous 
bands. 

^^a.  The  intermediate  disc,  or  the  membrane  of  Krause,  is 
distinctly  to  be  recognised  as  a  separate  structure  in  the  per- 
fectly fresh  fibre  in  the  state  of  rest,  when  examined  without 
a  reagent,  and  if  the  height  of  a  muscular  division  exceeds 
0008th  part  of  a  millimetre.  In  those  cases  where  the 
lateral  disc  is  verv  dark,  and  is  in  close  contact  with  the 
intermediate  disc,  this  latter  may  easily  escape  observation ; 
it  can,  however,  be  brought  into  view  by  slightly  stretching 
the  muscular  fibre.  The  intermediate  disc  appears  under  the 
microscope  as  a  single  dark  line,  being  a  homogeneous,  highly 
refractive  membrane ;  it  is  very  elastic,  and,  when  observed 
in  polarised  light,  in  preparations  that  have  been  hardened 
in  alcohol  or  osmic  acid,  and  mounted  in  dammar,  dis- 
tinctly anisotropous. 

"6.  The  isotropous  thin  band  being  at  the  side  of  the 
intermediate  disc  is  in  fresh  fibres  only  recognisable  when 
the  height  of  a  muscular  division  amounts  to  0*008th  of  a 
millimetre  and  more.  Otherwise  the  lateral  disc  seems  to  be 
in  contact  with  the  intermediate  disc.  In  this  latter  case  the 
isotropous  band  can  be  brought  into  view  by  adding  one  per 
cent,  of  acetic  acid,  which  causes  the  isotropous  band  to  swell 
on  and  be  perceptible. 

^*  c.  The  lateral  disc  is  in  the  fresh  fibre  always  darker  than 
the  isotropous  band ;  it  is  seldom  homogeneous,  commonly 
granular.  The  granules  are  generally  of  equal  size,  and  iso- 
diametric  in  such  a  way  that,  where  the  muscular  contents 
are  divided  into  fibrils,  each  granule  represents  a  part  of  a 
fibril.  The  lateral  disc  is  not  very  distinctly  anisotropous  ; 
it  is  also  not  so  elastic  and  not  so  closely  connected  with  the 
sarcolemma  as  the  intermediate  disc. 

"  d.  The  isotropous  band  between  the  last-mentioned  stripe 
and  the  anisotropous  transverse  disc  is  always  easily  to  be 
recognised  in  the  living  fibre.  Its  thickness  stands  in  a  re- 
verse proportion  to  that  of  the  lateral  disc.  A  two  per  cent, 
saline  solution,  water,  or  very  diluted  spirit,  causes  at  once 
this  isotropous  band  to  turn  dark.  When  heated  up  to  50° 
Cent.  (12^°  Fahr.)  it  becomes  opaque  and  more  firm,  and 
finally  it  shrinks.  It  is  not  a  fluid  substance,  but  consists  of 
a  number  of  soft  granules  of  equal  size,  which  are  so  much 
swollen  that  they  touch  each  other  completely ;  the  number 
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of  these  particlep  corresponds  to  the  number  of  fibrils  into 
whith  the  muscular  conients  split  up  occasionally. 

"  e.  In  the  freeh  living  muscular  fibre  the  dim  broad  trans- 
verse disc  appears  to  be  divided  into  two  by  a  median  bright 
homogeneous  transverse  band.  In  some  cases,  however,  the 
latter  is  not  to  be  made  out  as  a  separate  structure.  Between 
crossed  Nicol's  prisms,  both  the  transverse  discs  and  the 
median  disc  are  seen  to  be  anisotropous.  If  fresh  living 
muscular  fibres  be  treated  with  a  5  per  cent,  saline  solution, 
the  transverse  discs  become  swollen  and  pale,  whereas  the 
median  disc  becomes  darker  and  narrower.  Diluted  acids 
and  alcohol  of  25  to  60  per  cent,  have  a  similar  action. 
Heating  brings  out  the  median  disc  and  the  transverse  discs 
also,  as  difierent  structures. 

"  When  amusculsr  fibre  dies  spontaneously,  or  is  subjected 
to  the  influence  of  wiiter,  diluted  chromic  acid,  alcohol,  cor- 
rosive sublimate,  &c.,  the  anisotropous  substance  appears  to 
be  composed  of  highly  refractive  anisotropous  rod-like  bodies 
— sarcouB  elements,  niusele-rods — and  of  a  less  refractive 
isotropous  amorphous  intermediate  substance.  Engelmann 
distinctly  denies  that  these  elements  are  distinguishable  in 
the  muscrular  fibre  while  in  a  living  condition ;  for  those 
parts,  in  which  these  elements  have  made  their  appearance 
are  without  exception  non-irritable. 

"  In  some  cases  the  anisotropous  discs  are  the  only  parts 
of  the  muscular  divisions  which  have  split  into  rods,  the  other 
parts  not  showing  any  sign  of  a  longitudinal  differentiation; 
C.  g.  in  muscular  fibres  of  insects  which  have  died  spon- 
taneously or  which  have  been  treated  with  water,  very  diluted 
saline  solution,  or  diluted  alcohol.  In  most  cases,  however, 
especially  in  locustida  amongst  insects,  and  in  vertebrate  ani- 
mals in  general,  the  disintegration  takes  place  through  all  the 
discs  of  the  individual  divisions;  in  this  way  the  so-called 
primitive  fibrils  make  their  appearance.  On  obgerving  the 
optical  longitudinal  section  of  a  fresh  muscular  fibre  for  some 
time  the  discs  of  the  divisions,  at  first  absolutely  homogeneous, 
show  immeasurably  fine  pale  isotropous  longitudinal  lines  ; 
they  are  in  most  regular  distances  from  each  other,  not  more 
than  0"00I  of  a  millimetre.  These  lines  gradually  become 
brighter,  and  at  the  same  time  broader— their  thickness 
exceeding  the  0'0005th  part  of  a  millimetre — at  the  expense 
of  those  pai-ts  that  lie  between  them,  without  the  muscular 
fibre,  as  a  whole,  altering  in  diameter.  Consequently  it  may 
be  said  that  the  appearance  of  the  longitudinal  bright  line  is 
caused,  not  by  the  swelling  of  a  pre-exiatent  intermediate 
Bubstance,  but  by  the  shrinking,  %.  e.  coagulation,  of  elements. 
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which  have  been  previously  in  close  contact  with  each  other ; 
BO  that  all  the  discs  of  the  muscular  division  must  be  regarded 
as  consisting  in  the  living  state  of  prismatic  elements,  which 
are  so  swollen  that  they  touch  each  other  completely,  and 
which  possess  different  chemical  and  physical  properties  in 
the  different  discs,  but  the  same  properties  in  the  same  disc. 
An  intermediate  fluid  substance  is  not  pre-existent,  but  is 
pressed  out  by  those  elements  when  they  coagulate.  In  a 
second  paper  (ibid.,  vol.  vii,  part  2  and  3)  Engelmann  treats 
of  the  changes  of  the  individual  discs  of  the  muscular  division 
daring  contraction  of  the  muscular  fibres.  For  studying 
these  Engelmann  uses,  like  Flogel,  osmic  acid.  The  living 
muscular  fibre  is  dipped  into  a  solution  containing  0*6  to  2 
per  cent,  of  this  reagent  for  a  few  seconds ;  it  is  then  trans- 
ferred into  a  half  per  cent,  saline  solution,  which  is  afterwards 
replaced  by  alcohol  in  a  slightly  rising  concentration  (50  to 
90  per  cent.),  and  is  finally  placed  in  turpentine.  The  con- 
clusions which  Engelmann  draws  from  his  observations  are 
briefly  these : 

"a.  The  shortening  force  has  its  seat  exclusively  in  the 
anisotropous  layer;  tMs  latter  thickens  itself  much  more  than 
the  isotropous. 

^'  b.  The  isotropous  substance  decreases,  the  anisotropous 
increases  in  volume  during  contraction ;  it  must  be  therefore 
assumed  that  fluid  which  is  expressed  by  the  isotropous  is 
imbibed  by  the  anisotropous  substance,  viz.  the  latter  swells, 
the  former  shrinks,  during  contraction. 

^^  c.  The  isotropous  substance  becomes  darker,  more  opaque, 
the  anisotropous  brighter,  more  transparent,  during  contrac- 
tion ;  the  median  disc,  however,  does  not  become  brighter. 
From  this  it  may  be  deduced  that — 

'^  d.  The  isotropous  substance  becomes  firmer,  the  aniso- 
tropous softer,  during  contraction. 

"  E.  A.  Schafer  (*  Proceedings  of  the  Royal  Society,'  vol. 
xxi)  studied  the  structure  of  striped  muscle  on  the  muscular 
fibres  of  the  limbs  of  the  common  large  water-beetle,  mounted 
without  any  reagent,  and  under  high  magnifying  powers. 
According  to  Schafer,  every  muscular  fibre  consists  of  a 
homogeneous  anisotropous  ground- substance,  in  which  are 
imbedded  dim  cylindrical  rods;  these  are  isotropoiis,  and 
arranged  in  regular  series.  In  the  absolute  state  of  rest  the 
muscular  fibre  presents,  therefore,  only  the  appearance  of  a 
longitudinal  fibrillation.  In  the  normal  state  of  slight  ten- 
sion the  cylindrical  rods  change  into  rods  with  a  swelling 
at  each  extremity  ;  we  have  then  muscle-rods  consisting  of  a 
shaft  and  two  little  knobs  or  heads.     When  this  change  has 
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talcen  place  the  muscular  fibre  preseDts  the  appearance  of  a 
transyerse  striation,  viz,  dim  bands  alternating  with  briglit 
ones.  The  former  correspond  to  the  dim  shafts  of  the  rods, 
■whereas  the  latter  are  due  to  an  optical  effect,  produced  by 
the  presence  of  the  globular  heads  of  the  rods,  which  have  a 
different  refraction-index  from  that  of  the  ground -substance. 
In  this  ease  the  inuscle-tods  are  so  arranged  that  the  heads 
of  two  SMCcessive  series  meet  in  the  middle  of  the  bright 
band;  when  the  muscular  fibre  is  somewhat  extended  the 
bright  band  appears  to  be  double,  for  then  the  heads  of  two 
successive  series  of  rods  have  become  separated,  and  each 
spfies  of  heads  possesses  its  own  halo.  During  contraction 
the  heads  of  the  rods  become  enlarged  at  the  expense  of  the 
shafts,  and  at  the  same  time  they  approach  each  other  in  the 
transverse  as  well  as  in  the  longitudinal  direction  to  such  an 
extent  that  they  form  one  dark  transveree  band  with  bright 
borders.  As  the  contraction  proceeds,  and  the  dark  bands 
approach  each  other,  the  brijtht  borders  encroach  upon  the  dim 
Btripe,  which  finally  disappears,  its  place  being  taken  up  by 
a  single  transverse  bright  hand.  Ihe  contracted  muscular 
fibre  shows,  therefore,  alternate  dark  and  bright  bands,  the 
latter  representing  merely  the  ground- substance,  which  haa 
become  accumulated  between  the  shafts  of  the  muscle-rods. 
In  polarized  light  these  bright  bands  are  seen  to  be  aniso- 
tropous,  whereas  the  dark  bands  are  isotropous.  From  this 
it  is  evident  that  the  ground- substance  is  anisotropous,  the 
muscle-rods  isotropous,  although  iu  the  state  of  rest  the  whole 
fibre  appears  to  be  anisotropous ;  this,  however,  may  be  easily 
explained  by  bearing  in  mind  that  the  muscle-rods  are  sur- 
rounded by  the  anisotropous  ground-substance  and  are  there- 
fore illuminated  by  light  that  has  previoiisiy  traversed  this. 

"Schafer  is  inclined  to  assume  that  the  ground- sub  stance 
is  comparable  to  a  protoplasmic  matrix,  which  is  the  true 
contractile  part,  whereas  the  rods  are  elastic  structures,  which 
serve  merely  to  restore  the  muscular  fibre  to  its  original  length 
after  the  contraction  has  ceased." 

2,  Termination  of  nerves  in  voluntary  muscle.  —  Arndt 
('  Scbultze's  Archiv,'  ix,  481)  publishes  a  long  and  elaborate 
memoir  on  this  subject,  illustrated  wiih  three  plates,  which 
our  space  does  not  permit  us  fully  to  notice. 

3.  Petrowsky  ('  Centralblatt/  No.  49,  1873,  p.  769)  has 
studied  the  growth  of  muscular  fibres  in  the  frog. 

VII.  NerrouB  System. — 1.  Nervous  structures  ivi  general. — 
Axel  Key  and  R.  izius  ('  Schultze's  Archiv,'  1873,  ix,  pp.  308 
— 368,  3  plates)  puhhsh  a  long  memoir,  translated  from  a 
Xorwegiaa  journal,  on  the  anatomy  of  the  nervous  system, 
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partly  microscopic,  partly  histological,  describing  the  nerve- 
centres  with  their  membranes,  the  structure  of  nerve-trunks, 
the  Pacinian  corpuscles,  &c. 

2.  Regeneration  of  nerve, — Benecke  (^  Virchow's  Archiv,* 
1873,  vol.  Ivii,  pp.  496 — 511)  has  studied  the  histological  pro- 
cess in  the  regeneration  of  nerves  after  section. 

S.  Ganglion-cells  of  the  sympathetic. — Arndt  (^  Schultze's 
Archiv,'  X,  p.  ^08)  has  investigated  the  structure  of  the 
ganglionic  cells  of  the  sympathetic  in  fish,  birds,  mammalia, 
and  in  the  human  subject.  He  worked  partly  on  prepara- 
tions macerated  in  neutral  chromate  of  ammonia  and  teased 
out,  partly  on  hardened  specimens,  using  chromic  acid  and 
chloride  of  gold.  He  thus  summarises  his  results: — 1.  All 
ganglionic  cells  of  the  sympathetic,  provided  with  several 
processes,  that  is,  bipolar  and  multipolar  cells,  Correspond  to 
whole  groups  of  cells,  and  are  derivatives  of  such  groups.  J8. 
All  unipolar  ganglion-cells,  on  the  other  hand,  correspond 
to  and  are  derived  from  simple  cells.  3.  Of  the  so-called 
apolar  ganglion -cells,  the  larger  represent  abnormal  develop- 
mental forms  of  the  original  embryonic  cells  ;  the  smaller  are, 
in  fact,  themselves  embryonic  cells. 

4.  Cortex  of  the  brain. — Golgi  ('  Centralblatt,'  No.  61, 1878, 
p.  806)  publishes  a  preliminary  communication  on  the  grey 
substance  of  the  brain,  especially  with  reference  to  the  large 
pyramidal  ganglion-cells  of  the  cerebrum,  the  ^  basal  process  ' 
of  which  he  finds  to  branch  and  finally  to  enter  into  connec- 
tion with  the  connective-tissue-cells  of  the  cerebral  cortex. 
Similar  relations  he  finds  to  exist  in  the  cerebellum. 

5.  Nervous  system  of  Nematoda. — Biitschli,  *^  Contribu- 
tions to  the  Knowledge  of  the  Nervous  System  of  the  Nema- 
toda  "  (2  plates),  ^  Schultze's  Archiv,'  x,  p.  74. 

6.  Electrical  organs, — Boll  ('  Schultze's  Archiv,'  x,  p.  101) 
has  studied  the  electrical  plates  of  the  Torpedo  with  high 
powers,  and  the  same  organs  in  Malopterurus  (ibid.,  p.  242).. 

7.  Aniline  blue  as  a  staining  material  for  ganglion-cells. — 
Zuppinger  (*  Schultze's  Archiv,'  x,  p.  255)  recommends  for 
the  demonstration  of  the  axis-cylinder  process  of  the  ganglion- 
cells  in  the  spinal  cord  the  use  of  soluble  aniline  blue,  ac- 
cording to  the  following  method  : — Sections  of  brain  or  cord 
hardened  in  bichromate,  and  washed  with  acidulated  water,  are 
brought  into  a  slightly  acidified  solution  of  commercial  aniline 
blue  and  kept  in  the  dark  till  they  are  stained  of  a  tolerably 
deep  colour.  The  sections  must  not  overlap  or  cover  one 
another.  They  cannot  be  dehydrated  by  alcohol,  since  this 
extracts  the  colour,  but  a  little  absolute  alcohol  may  just  be 
poured  over  them  to  remove  some  of  the  adhering  water,  and 
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then  white  anhydrous  creosote  aJdeil,  which  soon  makes  thtim 
transliicent  witliout  destroying  the  colour,  and  they  can  then 
be  transferred  to  Canada  halsam  or  danmiar.  They  must  not 
be  left  more  than  two  hours  in  creosote,  and  must  still  be 
shielded  from  the  light,  which  precaution  is  to  be  observed 
even  when  the  preparations  are  complete  and  transferred  to 
the  cabinet. 

Villi  Organs  of  Sense.— 1.  Olfactonj  mucous  membrane. — 
Martin  (' Journal  of  Anatomy  and  Physiology,'  November, 
1873,  p.  39)  has  worked  at  the  structure  of  the  olfactory 
mucous  membrane,  especially  with  a  view  to  examine  the 
distinction  drawn  by  Max  Schulize  between  the  two  classes 
of  cells,  epithelial  and  olfactory,  met  with  in  this  region,  a 
distinction  which  Exner  denies.  In  the  olfactory  epithelium 
of  the  newt  these  two  kinds  of  cells  are  very  distinct,  and  no 
intermediate  form  is  seen.  They  are  clearly  demonstrable  on 
teasing  out  preparations  hardened  in  spirit  or  Miiller's  fluid. 
The  epithelial  cells  possess  a  large  oval  granular  nucleus,  sur- 
rounded by  a  homogeneous  structureless  layer,  from  which 
proceed  one  or  more  '  central  processes  i '  a  '  peripheral  pro- 
cess' proceeds  from  the  other  end  of  the  cell.  In  the  olfac- 
tory cells  the  nucleus  is  round,  hardly  granular,  and  has  a 
single  central  process.  In  the  frog  the  two  kinds  of  cells  are 
less  distinct,  partly  because  the  nuclei  of  both  are  oval.  In 
the  olfactory  epithelium  of  the  dog  the  two  forms  are  quite 
distinct,  though  differing  somewhat  from  the  corresponding 
cells  in  the  newt. 

The  conclusion  is  that  the  two  forms  of  cell  met  with  in 
the  olfactory  region  are  anatomically  quite  distinct,  as 
described  by  Max  Schultze,  and  do  not  shade  off  into  one 
another.  The  contrary  opinion  arrived  at  hy  Exner  is  due  in 
great  part  to  his  having  chiefly  worked  at  the  frog,  where  the 
olfactory  and  epithehal  cells  do  approximate  to  one  another 
in  several  points.  It  is  doubtful  whether  the  cells  possess 
any  such  difference  of  function  as  is  implied  by  these  terms. 

IX,  Vascular  System.—!,  Morano  ('  Centmlblatt,'  No.  1, 
18T4,  p.  3J  describes  the  lymphatic  sheaths  of  the  capillary 
blood-vessels  in  the  choroid  coat  of  the  eve. 

_  g.  KleinC  Proc.  Royal  Society,*  No.  l49, 1874)  publishes 
his  "  Contributions  to  the  Normal  and  Pathological  Anatomy 
of  the  Lymphatic  System  of  the  Lungs,"  of  which  we  must 
defer  a  notice. 

X.  Digeative  Organs  and  Glands.—!.  TeelL—Lcgros  and 
Magilot  have  studied  the  development  of  teeth  in  mammalia, 
and  describe,  in  their  first  memoir,  the  origin  and  formation 
of  the  dental  follicle.     (Robin's   '  Journal  de  I'Auatomie, 
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September  and  October,  1873 ;  also  separately,  pp.  66,  with 
six  plates). 

2.  Thyroid — Boechat  (^  Recherches  sur  la  Structure  nor- 
male  du  Corps  Thyroide,'  Paris,  1873, 8vo,  pp.  44,  one  plate) 
describes  the  normal  structure  of  the  thyroid. 

XI.  Skin  and  Hair. — 1.  Tactile  corpuscles. — Thin  ('Journal 
of  Anatomy  and  Physiology,'  November,  1873,  p.  30)  describes 
the  structure  of  the  tactile  corpuscles.  After  referring  to  the 
views  of  several  observers,  he  gives  an  account  of  his  own 
observations,  made  on  recently  amputated  skin,  hardened 
chiefly  in  osmic  acid.  A  vertical  section  through  the  meridian 
of  a  corpuscle  shows  either  a  simple  homogeneous,  more  or 
less  rounded  body,  enclosed  in  a  capsule,  or  two  or  more 
such  simple  capsulated  bodies  arranged  in  a  row  parallel  to 
the  vertical  axis  of  the  papilla,  and  enclosed  in  a  common 
oblong  capsule.  The  former  he  designates  single,  the  latter 
compound  corpuscles.  Each  single  corpuscle,  and  each  member 
of  a  common  corpuscle,  is  penetrated  by  one,  and  never  by  more 
than  one,  medullated  nerve-fibre.  A  nerve  never  leaves  a 
corpuscle  after  having  entered  it,  but  when  it  has  penetrated 
to  a  certain  depth  bends  round  and  describes  part  of  a  circle. 
In  this  terminal  course  the  nerve  retains  its  medulla,  and 
between  the  medulla  and  corpuscle  substance  a  space  is  seen 
which  corresponds  to  the  position  of  the  sheath  of  Schwann. 
Thin  has  never  seen  the  nerve-fibre  divide,  either  in- 
ternal or  external  to  the  capsule,  and  does  not  hesitate  to 
deny  the  alleged  division.  The  conclusion  is  that  each  single 
corpuscle,  and  each  member  of  a  compound  corpuscle,  repre- 
sents  the  termination  of  a  single  medullated  nerve-fibre. 

The  so-called  transverse  elements  (querelemente  of  German 
authors)  are  the  nuclei  of  oblong  cells  which  anastomose 
with  one  another,  by  means  of  prolongations  of  elastic-tissue- 
fibres.  The  capsule  of  the  corpuscle  is  formed  by  a  circular 
layer  of  elastic  tissue  made  up  of  the  anastomosing  continua- 
tions of  cells.  The  network  of  elastic  tissue  and  the  cells  do 
not  communicate  with  the  medullated  nerve-fibres.  The 
division  of  the  papillae  of  the  skin  into  vascular  and  nervous 
is  not  borne  out  by  these  investigations,  since  in  the 
majority  of  the  so-called  nerve-papillae  vascular  loops  are 
found. 

2.  Lymphatics  of  the  skin. — Neumann  (^  Zur  Kenntniss 
der  Lymphgefasse  der  Haut  des  Menschen  und  der  Sauge- 
thiere.^  Mit  8  chromolithographirten  Tafeln.  Wien,  W. 
Braumuller,  1873.  *  Medical  Record,'  1873,  p.  664)  has 
arrived  at  results  which  may  be  summed  up  as  follows : 

(1).  The  lymphatics  of  the  skin  present  an  enclosed  tubular 
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syHtecQ,  with  independent  wallSj  whose  inlerior  is  lined  with 
flat  epithelium.  These  walls  are  nowhere  interrupted  by 
openingB.  There  exists,  therefore,  no  communicfltiori  with 
the  so-called  juice-canals,  or  with  other  interspaces  of  the 
skin.  Neither  can  spaces  be  seen  anywhere  between  the 
epithelium,  not  even  in  examples  of  disease  where  there  exists 
an  enlargement  of  these  vessels. 

(2).  The  relation  of  the  blood-  and  lymph-vessela  is  only 
constant  to  the  extent  that  the  former  are  always  found  much 
nearer  the  surface  than  the  latter.  The  branches  of  the 
lymphatics,  together  with  their  meshes,  are  found  spreading 
themselves  in  the  deeper  tissue  in  iiU  directions.  Nowhere, 
however,  within  a  Ijinph-tuhule  could  a  second  vessel  he 
detected  ;  so  that  there  can  be  no  ground  for  considering  the 
question  of  iuvaginaiion. 

(3) .  The  lymphatics  form  two  close  and  separate  networks  in 
the  corium,  the  deeper  being  the  more  extensive  of  the  two. 
Their  walla  are  markedly  capable  of  extension.  The  more 
superficial  vessels  are  in  general  thinner;  the  deeper  ones 
are  thicker,  and,  like  the  first,  are,  to  all  appearances,  without 
valves.  Only  among  the  subcutaneous  vessels  is  it  possible  to 
demonstrate  the  valves  plainly. 

The  larger  lymphatics  possess  a  number  of  branches  with 
blind  endings,  which  are  of  variable  calibre.  The  lymph- 
vessels  make  their  way  into  the  papillee  of  the  skin,  partly  in 
the  shape  of  single  tubules,  ami  also  in  the  form  of  loops. 

(4).  The  appendages  of  the  skin,  as  the  hairs,  hair- fulhcles , 
and  sweat-glands,  possess  their  own  lymphatic  capillaries 
situated  about  their  periphery,  but  they  do  not  enter  into  the 
follicles.  The  aggregations  of  fat  are  also  surrounded  by 
lymphatics.  The  vessels  were  found  to  be  greatly  developed 
in  the  subcutaneous  tissue. 

(5).  The  number  of  lym])h-vefsels  of  the  skin  was  found  to 
vary  according  to  locality.  They  occur  in  greatest  numbers 
about  the  scrotum,  labia  majora,  palms  of  the  hands,  and 
8oles  of  the  feet.  In  pathologically  altered  skin  an  enlarge- 
ment of  the  vessels  was  at  times  demonstrable. 

In  ulcerative  processes  the  lymphatics  are,  in  part,  de- 
etroyed,  though  they  may  be  regenerated.  They  occur  only 
sparsely  in  cicatricial  tissue.  No  veyelations  were  observed 
ujjon  the  walls  of  the  vessBls, 

XII.  Urinttry  and  Sexual  ApparatuB.^1.  Kidney  epithelium. 
— Heiclenhain  ('  Scliullza's  Aichiv,'  vol.  x,  p.  1)  describes  re- 
markable and  hitherto  unohaerveil  peculiarities  of  structure 
in  the  epithelium  of  the  kidney,  in  the  convoluted  tubes 
tha  epithelia  ate  not  simple   cells,   but    very   complicated 
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organized  structures.  A  considerable  portion  of  the  proto- 
plasm of  the  cell  has  undergone  important  modifications, 
being  converted  into  a  large  number  of  very  delicate  cylin- 
drical bodies,  which  Heidenhain  calls  rods  (stabchen). 
Attached  by  their  outer  ends  to  the  tunica  propria,  they 
traverse  the  epithelial  layer  in  a  radial  direction,  being  im- 
bedded in  a  very  small  quantity  of  amorphous  interstitial 
substance.  The  nuclei,  which  lie  at  regular  intervals,  sur- 
rounded by  a  more  or  less  considerable  quantity  of  undifferen- 
tiated protoplasm,  are  enveloped  by  these  rods,  and  what  have 
been  till  now  described  as  dark  granules  in  the  body  of  the 
cells  are  for  the  most  part  nothing  but  cross  sections  of  the 
rods.  This  conclusion  is  arrived  at  from  investigations  chiefly 
on  the  dog^s  kidney,  but  the  author  recommends  (for  the 
study  of  the  organ  in  a  perfectly  fresh  state)  those  of  the  rat 
and  the  hedgehog.  The  perfectly  fresh  specimens,  examined 
cither  in  longitudinal  or  transverse  section  .(with  objective  8 
or  9  of  Hartnack),  show  a  striated  appearance,  indicating  the 
presence  of  the  rods.  The  latter  are  seen  more  clearly  in 
sections  from  specimens  hardened  in  neutral  chromate  of  am- 
monia (6  per  cent.)  and  alcohol  successively.  Another  method 
of  hardening  is  to  inject  a  saturated  solution  of  potassium 
chloride  into  the  jrenal  artery,  and  then  harden  in  spirit. 
Isolation  of  the  elements  is  best  effected  by  maceration  in 
caustic  soda  (33  per  cent.),  or  in  the  5  per  cent,  solution  of 
neutral  chromate  of  ammonia.  The  rods  thus  isolated  are 
found  to  be  cylindrical  structures,  somewhat  variable  in  size, 
some  being  as  long  as  the  whole  thickness  of  the  epithelial 
layer,  others  shorter,  and  varying  also  in  breadth.  The 
nuclei  of  the  epithelium  are  also  isolated  by  the  same  means, 
and  found  to  be  surrounded  by  a  protoplasmic  mass,  which 
in  some  animals  is  separated  from  the  rods,  in  others  con- 
tinuous with  them.  There  is  also  a  small  quantity  of  residual 
cement  substance  between  the  rods.  The  nuclei  and  their 
surrounding  cell  body  never  touch  the  wall  of  the  tube,  which 
only  shows  the  attachment  of  the  rods.  In  the  looped  tubes 
of  Henle  substantially  the  same  relations  are  seen,  but  no  rods 
were  discernible  in  the  epithelium  from  the  straight  tubes  of 
the  pyramids  or  the  large  collective  tubes  of  the  papillae. 

The  comparative  structure  of  the  kidneys  of  birds  and 
snakes  is  illustrated  by  observations  which  we  must  pass 
over. 

Experiments  on  the  function  of  the  kidneys  were  made  by 
Chronsczewski's  method  of  injecting  indigo  sulphate  of  soda 
into  the  circulation  (pure  and  specially  prepared  solution  is 
necessary,  that  usually  obtained  being  impure).     Heidenhain 
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concludeB  that  the  kidney  is  the  specific  excreting  organ  fiMi  _ 
this  substance,  as  for  urea,  but  that  in  this  the  Malpighian 
capsules  take  no  part.  The  secretion  is  effected  by  the  epi- 
thelium of  the  convoluted  tubes,  which  have  a  certain  power 
of  reducing  the  indigo  solution.  The  single  tubes  may  act 
quite  independently  of  one  another.  The  straight  tubes 
Berve  merely  for  conveying  away  the  secretion  when  formed. 

The  conclusions  drawn  as  to  the  function  of  the  kidneys 
are  that  not  all  the  constituents  of  the  ui'ine  are  secreted  in 
the  Malpighian  capsules;  and  Lud wig's  view,  that  the  urine 
as  a  whole  is  a  filtrate  from  the  blood  in  the  capsules,  is  un- 
tenable. If  the  results  attained  with  indigo  may  be  extended 
to  the  normal  urinary  products.  Bowman's  view,  that  the 
Malpighian  corpuscles  exude  only  water,  with  perhaps  salts 
of  low  atomic  weight,  must  be  adopted. 

Rods  similar  to  those  seen  in  the  kidney  are  met  with  in 
the  ducts  of  the  parotid  and  submaxillary  glands,  and  those 
of  certain  glands  of  the  nose,  but  not  in  the  submaxillary. 
These  glands,  however,  show  no  corresponding  difference  of 
function. 

3.  Spermatozoa. — Merkel  publishes  a  preliminary  notice 
on  the  development  of  spermatoxoa  ('  Centralblatt,'  No.  5, 
1874,  p.  65). 


PROCEEDINGS    OF    SOCIETIES. 


EoTAi.  MiCBOacoPiOAx  Sooibti. 

Becemher  Srd,  1873. 

Chahles  Bbooke,  Eeq.,  F.E.S.,  Preeident,  in  the  chair. 

A  PAJKK  was  read  by  the  Rev.  W.  H.  Dallinger  and  Dr.  J. 
Dryadale  on  "further  Heeearches  into  the  Life-Kistory  of  the 
Monads,"  in  continuation  of  that  read  at  the  November 
meeting. 

Tlie  authors  subjected,  as  before,  certain  forma  of  monada 
ohtained  in  a  maceration- fluid  to  continuous  obeervution  with  high, 
powers,  especially  with  a  view  to  discover  the  method  of  increase 
or  multiplication,  rission  has  not  proved  in  any  casa  persistently 
inquired  into  bj'  them  to  be  the  essential  method  of  multipHca- 
tion  ;  though,  since  it  is  an  accurate  statement  of  facts  so  far  aa 
they  go,  it  ia  not  aurprisiug  that  it  should  be  generally  accepted 
SB  the  entire  method.  Nor  has  fiHsion  itself,  they  tbink,  in  these 
minute  fornis,  been  described  nith  sufficient  onre.  It  is  not  a 
mere  division  of  undifferentated  sarcode  into  two  parts.  Before 
separation  takes  place  there  is  always  a  germination  of  the 
anatomical  elementa,  which  make  the  new  monad  complete; 
while  in  many  instances  the  fissioQ  is  completed  by  a  suddeuly 
indnced  amcehoid  condition.  The  original  form  has  two  dagella, 
one  permanently  hooked,  the  other  ilowing.  In  fiHsion  similar 
structures  are  formed  for  each  new  individual  thus  produced. 
Multiplication  by  this  method  may  continue  without  apparent 
interruption  for  many  days ;  but  eventually  two,  four,  or  even  six 
of  the  monads  may  unite  together,  take  a  flaccid  sac-like  form, 
becoming  quickly  distended,  and  dividing  internally  into  seg- 
ments, which  go  on  auhdividiog  till  the  sac  is  filled  with  beautiful 
oval  bodies  which  eventually  escape,  and  are  found  to  possess  a 
single  flagellum  ;  these  rapidly  grow,  acquiring  in  a  manner  not 
dearly  made  out  the  second  (hooked)  flagellum  ;  and  when  thui 
mature  recommence  multiplication  by  fission.  This  ia  the  co: 
paratively  simple  lile-history  of  the  form.  The  paper 
published  at  length,  with  illustrations,  in  the  journal  of  the  ] 
Society. 

Mr.  Charles  Stewart  called  the  attention  of  the  meeting  to  ■ 
seotioD  of  the  leaf  of  an  india-rubber  plant,  which  showed  c 
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cretioDB  or  "  cyatolitha  "  esiatiog  in  Bome  of  the  cella.     It  wai^H 
question   whether   these  coacretiona  were    really  composed  of 
crystals  of  carbouate  of  lime.     He  thought  that  they  might  be 
regarded  aa  cellulose  or  some  gum-like  material  deposited  upon  a 
cellulose  stem. 

A  geientific  evening  was  held  in  the  Hall  of  King's  College  on. 
December  10th,  when  a  number  of  interesting  objects  were 
exhibited. 

January  7lA,  1874. 

A  paper  was  read  io  eontinuatiou  of  the  Bev.  W.  H.  Dallinger 
and  i)r.  Drysdale's  "  Bese arches  into  the  Life-History  of  the 
Moniwla."  They  described  the  development  of  a  very  simple  form 
of  monad,— oval  with  a  single  flagellum,  aad  not  exceediug  j^jj^th 
of  an  inch  in  diameter.  One  mode  of  increase  was  by  multiple 
fission.  An  ordinary  egg-shaped  monad  passes  through  a  series 
of  mutations  of  form  till  it  settles  as  a  minute  sphere.  A  white 
cruciform  mark  suddenly  appears,  and  is  suiieeeded  by  others  at 
right  angles  to  the  first.  A  rapid  interior  action  eusues,  and  at 
length  the  whole  body  of  the  sarcode  is  divided  into  a  large 
number  of  long  bodies  packed  closely  together,  which  separate  as 
flagellate  monads.  CoajugstJon  is  also  observed.  There  is  a,  much 
smaUer  number  of  larger  rounder  monads,  distinguished  by  their 
gmoular  aspect,  which  seize  and  absorb  the  common  form.  The 
result  is  a  still  eondition  in  the  form  of  a  sphere.  This  eventually 
opens,  and  a  fluid  is  poured  out,  or  what  appears  like  it;  no 
sporules  can  be  seen.  The  result  of  this,  however,  is  the  growth 
of  minute  specks,  which  we  can  only  suppose  to  come  from 
invisible  germs  ;  and  from  these  tonus  grow  like  the  parents,  and 
the  circleis  by  thera  re-entered. 

A  paper  was  read  on  "  The  Origin  and  Development  of  the 
Coloured  Blood- Corpuscles  in  Man"  by  Dr.  M.  D.  S»;hmidt,  of 
New  Orleans. 

The  author  had  the  rare  opportunity  of  examining  a  human 
ovum  which  was  not  less  than  three  weeks  snd  not  more  thau 
three  months  old,  immediately  after  expulsion.  It  did  not  eiceed 
2i  centimetres  in  diameter,  and  when  opeued  contained  a  balloon- 
shaped  vesicle,  the  umbilical  vesicle,  and  a  mass  of  colls  and 
nuclei,  representing  the  embryo.  On  cutting  into  the  wall  of  the 
vesicle  it  was  found  to  contain  many  blood-corpuscles,  to  various 
stages  of  development,  moviiig  through  smaller  or  larger  canals. 
Most  of  the  corpuscles  resembled  fully  developed  human 
corpuscles,  but  some  larger  ones  appeared  to  be  breeding  or 
tQ other-corpuscles,  and  contained  blood-embryo  disks  witldn  tuem. 
Many  of  them  had  on  their  surface  certain  regularly  formed 
concave  depressions,  indicating  the  place  where  young  corpuscles 
had  been  detached.  The  process  of  multiplication  consisted  in 
the  separation  from  the  motlier-body,  and  near  its  surface,  of  a 
smaU  globular  portion  which  represents  the  embryo  bloud- 
mapaeeie.    Tlih  eoWges  and  makes  its  way  to  the  surface,  where, 
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on  being  detaclied,  it  leaves  behind  a  concave  depression.  This 
differs  from  the  prevailing  belief  that  multiplication  takes  place 
by  division  of  coloured  nucleated  corpuscles.  The  process  repre- 
sents a  transition  from  endogenous  formation  to  budding  or 
gemmation. 

Accumulations  of  blood-corpuscles  were  seen,  beside  in  the 
canals,  in  certain  spaces  limited  by  two  layers  of  hexagonal  cells, 
forming  a  system  of  primary  glandular  follicles.     The  nuclei  of 
these  hexagonal  cells  become  the  breeding-  or  mother- corpuscles 
before  mentioned.     The  author  concludes  that  the  primary  birth- 
place of  the  coloured  blood-corpuscles  in  the  human  embryo  is  to 
be  sought  in  the  above-described  gland-like  follicles  of  the  umbi- 
lical vesicle!     This  view  differs,  of  course,  entirely,  as  he  admits, 
from  the  older  observations,  as  from  the  later  of  Klein  and  those 
of  Balfour  published  in  this  Journal  last  year.     Purther  observa- 
tions are  given  on  the  later  development  of  the  blood  and  on  the 
structure  of  the   corpuscles,  for  which  we  must  refer  to  the 
original  paper  and  plates  published  in  the  Society's  journal 

Another  paper  by  the  Rev.  W.  H.  Dallinger,  on  "  A  Method 
of  Preparing  Lecture  Illustrations  of  Microscopic  Objects  "  was 
also  read. 


Medical  Microscopical  Society. 

At  the  ninth  ordinary  meeting  of  the  Medical  Microscopical 
Society,  held  at  the  E»oyal  Westminster  Ophthalmic  Hospital,  on 
Friday,  November  21st,  Jabez  Hogg,  Esq.,  President,  in  the 
chair;  the  minutes  of  the  previous  meeting  were  read  and 
confirmed. 

Dr.  Bruce  described  at  some  length  the  various  methods  of 
studying  inflammation.  He  considered  that  observing  inflam- 
mation in  the  frogs's  foot  was  useless  for  two  reasons : — 1.  The 
epithelial  surface  soon  becomes  dim  with  the  action  of  reagents, 
so  as  to  obscure  the  vessels.  2.  The  vessels  are  not  altogether  suit- 
able, and,  besides,  there  is  sometimes  difficulty  in  stretching  the 
web  between  the  toes  without  interfering  materially  with  the 
circulation. 

He  therefore  preferred  the  mesentery — and  recommended  Hart- 
nack's  microscope — beginning  the  examination  with  a  low  power 
and  afterwards  using  Hartnack's  No.  7  objective  (equal  to  an  English 
quarter  in  magnifying  power).  The  frog  plate  should  consist  of  a 
piece  of  glass  with  a  cork  (having  a  circular  hole  in  the  middle  and 
covered  with  a  small  cover  of  glass)  cemented  with  sealing  wax  to  the 
one  end  of  it.  The  mesentery  is  then  pinned  out  upon  the  cork  over 
the  glass.  The  frog  should  be  injected  with  one  minim  of  a  J  per  cent, 
solution  of  curare  subcutaneously,  because  this  paralyses  all  the 
muscles  except  the  heart ;  then  make  an  incision  along  the  right 
side  of  the  body  about  an  inch  in  length  in  a  line  with  the  leg  and 
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arm,  avoiding  all  blooJ-veeseU,  »o  as  to  prevent  blood  corpuscles 
gettiug  OB  to  tha  mesentery,  then  draw  out  the  intestine,  and 
Laving  placed  the  mesentery  on  the  cork  plate  moisten  its  surface 
witb  gait  solution.  It  is  best  to  expose  the  mesentery  for  three 
hours  before  the  observation  be  made,  and  a  largo  vessel  is  best  for 
examination.  The  cbief  difficulties  which  may  be  eiperienced  are 
(a)  imperfect  curarization,  (4)  adhesions,  or  (c)  tearing  the 
mesentery. 

The  meaenteries  of  warm-blooded  animals  bad  been  used  by 
Strieker  on  his  large  warm  stage,  but  Dr,  Bruce  had  no  ex|>BriencB 
witb  them  himself,  and  their  examination  waa  attended  with  a  good 
deal  of  difficulty. 

The  tongue  of  the  frog  is  useful  for  studying  inflammation. 
Cobubeim  first  used  it,  placing  the  frog  on  its  back  and  observing 
the  dorsum  of  the  tongue,  in  which  he  excited  inflammation  by 
■nipping  the  mucous  membrane;  caustic  has  also  been  used  for 
this  purpose.  Cutting  the  mucous  membrane,  however,  givea  rise 
to  heemorrliage,  therefore  Gohriheim  prefers  making  uxe  of  the 
under  surface,  in  which  he  causes  infl.immation  by  passing  a  ligature 
round  the  root  of  the  tongue.  At  the  end  of  forty-eight  hours  he 
undoes  this  and  then  white  blood-corpuscles  are  seen  to  be  passing 
freely  tlirough  the  Tcsaela.  Dr.  Bruce  has  found,  however,  thai 
after  ligature  the  circulation  does  not  always  recover.  To  prevent 
the  ligature  injuring  the  tongue  it  is  best  to  place  a  piece  of  leather 
between  the  ligature  and  the  tongue.  Dr.  Bruce  also  referred  to 
the  tail  of  the  tadpole,  the  wing  of  the  but,  and  the  cornea  of  the 
rabbit,  &c.,  as  structures  in  which  inflammation  may  be  observed; 
and  then  concluded  by  asking  an  opinion  aa  to  the  origin  of  pus, 
whether  the  members  huld  with  Cobubeim,  that  all  pus  comes  from 
the  vessels,  or  front  the  connective  tissue  corpuscles,  or  from  bulb 

The  President  stated  his  opinion  that  investigating  living  tissuea 
would  probibly  be  the  only  means  of  advance  in  pathological 
research.  Paget  even  gave  but  crude  information  on  inflammation, 
while  Cobnheim  has  elucidated  much  in  living  tis-ues. 

Dr.  Payne  referred  to  the  difficulty  of  Cohnbeim's  experiment  on 
the  mesentery,  lie  also  thought  that  Virchow's  idea  of  tha 
origin  of  pus,  though  now  old-fashioned,  was  far  from  being  over- 
turned by  Cohnheira,  and  that  in  inflammation  of  mucous  surfaces 
we  see  instances  of  small  cells  in  larger  (mother)  ones,  though  he 
acknowledged  it  might  be  true  that  the  small  cells  migrated  into 
the  larger.  In  the  cornea  and  omentum  prolileration  has  been  eeeii. 
One  view  may  be  taken  of  all  these  structures,  viz.  that  some  parts  of 
the  body,  and  especially  those  of  embryonic  character  show  greater 
tendency  to  reproduction  than  others.  Ke  had  heardVirchow  state  his 
conviction  that  the  more  perfect  endothelium  of  the  peritoneum  could 
not  go  on  producing  other  elements  while  the  more  simple  endothe- 
lium of  tlie  lymphatics  might  do  so.  Dr.  Payne  then  stated  that 
at  present  only  a  small  class  of  tissues  bad  been  studied  in  a  living 
and  inSiimed  condition,  and  until  all  tissues  have  been  exainiued  it 
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was  not  fair  to  speak  generally  on  the  subject.  The  escape  of 
coloarless  blood-corpuscles  was  undoubtedly  an  abundant  source  of 
pus  whatever  other  origin  it  might  have. 

Dr.  Evans  asked  what  effect  curare  had  on  the  tone  of  the 
vessels. 

Mr.  White  asked  if  Dr.  Bruce  had  tried  the  effect  of  chloroform 
vapour  on  a  curarized  frog,  because  he  had  noticed  a  regurgitation 
or  stoppage  in  the  circulation  as  a  result. 

Mr.  Schafer  preferred  the  mesentery  of  the  toad  to  that  of  the 
frog  because  it  is  longer  and  has  a  lymphatic  sac  in  its  centre. 

Dr.  Matthews  suggested  the  use  of  a  spring  clip  instead  of  a 
ligature  for  the  frog's  tongue,  and  said  that  the  use  of  curare  might 
be  obviated  by  immersing  the  frog  for  a  short  time  in  warm 
water. 

Dr.  Bruce,  in  reply,  stated  that  he  was  not  aware  that  curare 
had  any  influence  upon  the  process  of  inflammation.  He  had  not 
tried  chloroform  for  frogs.  He  also  si  ated  that  the  same  results  as 
Dr.  Matthews  produced  by  placing  a  frog  in  warm  water  might 
more  conveniently  be  brought  about  by  holding  the  frog  in  the  hand 
for  a  few  minutes. 

Mr.  Needham  then  showed  his  modification  of  Dr.  Kutherford's 
microtome,  which  consisted  in  its  having  a  movable  glass  plate  on 
the  upper  surface,  through  which  the  cylinder  containing  the 
embedded  specimen  projected  nearly,  but  not  quite,  to  the  level  of 
the  cutting  surface. 

Dr.  Matthews  showed  another  modification  of  the  same  micro- 
tome, and  also  a  diagonal  razor  with  the  shoulder  ground  down  flush 
'with  the  rest  of  the  blade,  which  he  found  more  handy  than  the 
ordinary  razor. 

Mr.  Miller  advocated  the  use  of  a  steel  plate  for  the  upper 
surface  of  a  microtome,  the  great  drawback  to  its  use  being  the 
liability  to  rust.     He  preferred  a  thick  razor. 

Mr.  Clippingdale  showed  a  micro-spectroscope,  in  which  two 
spectra  could  be  compared  in  one  and  the  same  field. 

Mr.  Kesteven  described  a  method  of  microscopic  drawing  in 
which  the  neutral  tint  glass  of  Dr.  Lionel  Beale's  reflector  was 
removed  and  an  ordinary  thin  cover  glass  substituted. 

Dr.  Bruce  then  exhibited  his  specimens  illustrative  of  inflam- 
mation. 


At  the  tenth  ordinary  meeting,  held  Friday,  December  19th, 
Jabez  Hogg,  Esq.,  President,  in  the  chair — 

Mr.  J.  W.  Groves  read  a  short  paper  "  On  methods  of  examining 
circulation  and  urinary  deposits  by  means  of  water-tight  caps  over 
the  higher  powers  of  the  microscope,  after  the  fashion  of  Mr. 
Stephenson's  submersion  microscope.'*     By  this  means  he  said  that 
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the  circulation  in  a  frog's  foot  could  be  watched  fur  several  conEemi- 
tive  days,  becaust;  having  half  nn  inch  or  more  of  water  over  it  the 
web  could  not  become  dry,  and  moreover  there  was  no  necessity  for 
irritatiiig  it  in  any  way,  whereas  it  was  scarcely  pOBBible  to  ftToid 
itritatiog  it  if  an  immcritiou  lens  were  made  use  of,  because  a  single 
drop  of  water  only  being  u«ed  at  a  time  this  was  constantly  evap- 
orating, and  had  aa  conatantly  to  be  renewed.  In  his  opinion,  lor 
class  demonstration  this  method  of  showing  circulation  was  superior 
to  every  other,  not  even  excepting  the  immeraion-lenB  system.  He 
had  himself  used  it  for  this  puipose  and  had  found  it  to  answer 
most  admirably. 

Mr.  Groves  then  said  that  if  the  sediment  of  a  pint  or  more  of 
urine  were  emptied  into  a  small  flat  glass  dish  with  as  little  of  the 
urine  as  necessary,  by  means  of  the  water-tight  cap  over  an  object 
glass,  the  whole  deposit  could  be  examined  in  the  course  of  a  few 
miuutea,  whereas  if  examined  drop  by  drop  on  a  slide,  much  of  the 
deposit  would  be  lost  and  hours  would  be  required  for  the  examina- 
tion of  such  as  was  secured. 

In  the  discussion  which  followed.  Dr.  Matthews,  Dr.  Fuulerton, 
Mr.  Giles,  Mr.  Miller,  Mr.  Hogg,  and  Mr.  White,  touk  part. 

Mr.  T.  C.  "White  described  a  small  and  painful  tumour  which  he 
had  found  in  the  cavity  of  a  decayed  tooth. 

Mr.  Hogg  read  notes  and  exhibited  specimens  of  a  case  of 
Bright's  disease. 

In  the  discussion  which  followed  Mr.  Hogg's  remarks  the  follow- 
ing gentlemen  took  port,  viz.  Dr.  Matthews,  Dr.  Foulerton,  Tir. 
Bruce,  Mr.  Atkinson,  Mr.  Needham,  Mr.  Stowers. 

Mr.  Ho^  exhibited  charts  of  the  spectra  of  chlorophyU. 

Mr.  White  considered  that  probably  at  some  future  time  chai-ts 
of  the  spectra  of  chlorophyll  might  prove  of  great  service  in  medico- 
l^al  inquiries. 


The  first  annual  meeting  of  this  Bociety  was  held  January  I6th, 
at  8  p.m.  o'clock,  at  the  Boyal  WeatmiiiEter  Ophthalmic  Hospital, 
Jabkz  Hogg,  Esq.,  President,  in  the  chair.  Prom  the  report  of 
the  committee  it  appeared  that  the  society,  though  only  one  year 
old,  was  in  a  most  flourishing  condition.  During  the  year  129 
members  had  joined  it  and  sixteen  papers  had  been  read,  each  of 
which  was  followed  by  a  lively  discussion,  and  at  no  meeting  was 
there  any  lack  of  specimens  for  exhibition. 

The  following  gentlemen  were  elected  officers  for  the  ensuing 
year: — President,  Mr.  Jabez  Hogg  j.  Vice-presidents,  Mr.  W.  B. 
Kesteven  and  Drs.  H.  Lawson,  J.  F.  Payne,  and  W.  Eutherford  j 
Treasurer,  Mr.  T.  C.White ;  Hon.  Secretaries,  Messrs.  C.  H.  GoJding 
Bird  and  J.  W.  Groves ;  Committee,  Drs.  M.  Bruce,  E.  C.  Baber 
V.  Pritcbard,  W.  S.  Greenfield,  W.  H.  Allchin,  J.  Matthews,  and 
Messrs.  H.  Power,  F.  T.  Paul,  J.  Needham,  G,  M.  Giles,  S. 
Coupiaud,  E.  A.  Scbafer. 
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(]  The  Freflideat  then  delivBred  his  nddress,  afler  wliioh  votes  of 
thanks  were  accorded  to  the  various  ofiicers,  and  the  procBudiugi 
terminattid. 


At  the  eleventh  ordinary  meeting  of  this  Society,  held  on  Friday, 
Febraary  20th,  Jabez  Hogg,  Baq.,  President  in,  the  chair,  the 
ninutes  of  the  previous  meeting  were  read  and  conlirined.  The 
Dunes  of  those  gentlemen  for  proposal  were  read,  and  three  other 
gentlemra  were  duly  elected  members. 

In  the  unavoidable  abeenee  of  the  Secretaries,  the  Treasurer, 
Mr.  T.  0.  White,  read  a,  communicatiou  from  Mr.  J.  W.  Grovea, 
"  On  cataloguing  and  arranging  microecopical  specimens,"  which  will 
be  published  in  the  next  ni'mber  of  this  Journal. 

A  vote  of  tlianks  having  been  passed  ;  the  President  said  he 
thought  the  method  proposed  would  supersede  all  others  in  use  at 
the  present  time. 

Mr.  Nc-Midham  endorsed  these  remarks,  and  said  he  had  been  in 
the  habit  of  classifying  bis  slides  in  physiological  series,  thus — 
respiratory,  digestive,  &c.,  but  tliis  system  had  one  great  objection 
which  Mr.  Groves's  obviated,  viz. — that  one  slide  might  deserve  to 
be  placed  in  several  series  but  could  not  be,  and,  ooniietjueiitly  there 
was  a  great  multiplication  of  specimens,  and  some  dtiiiculty  often 
in  finding  any  particular  preparation. 

Mr.  Giles,  Dr.  Matthews,  Dr.  Donkin,  and  Mr.  K.  P.  Miller  also 
joined  in  the  discussion, 

Mr.  Sidney  Copeland  then  made  some  remarks  on  prepara- 
tions of  "  Tuberculosis  of  the  Choroid"  in  a  child  »t.  8  years. 
After  describing  the  normal  structures,  and  stating  that  he  in- 
tended to  confine  him&elf  wholly  to  the  histological  characters, 
lie  said — That  on  removing  the  retina  the  tuberules  were 
seen  as  translucent  bodies,  averaging  ^"  in  diameter,  the 
centres  of  which  were  mostly,  white  and  opaque  from  degenerative 
causes.  The  chorio- capillaries  could  be  traced  partially  over  the 
tubercles.  There  was  a  marked  deficiency  of  pigment  and  a  notable 
increase  in  the  number  of  the  large  pale  spheroidal  bodies.  The 
tuberdes  were  composed  of  nucleated  cells  ^j^uj"  to  ^oTrff"  '"  ^^- 
ameter,  and  with  these  were  seen  some  larger  and  variously  shaped 
cells,  having  more  than  one  nucleus,  some  of  which  were  possibly 
derived  from  the  normal  pale  spheroidal  cells,  though  these  were 
^uite  as  numerous. 

The  tubercles  appeared  to  arise  from  the  middle  layer  of  the 
choroid  and  always  around  the  vessels.  In  the  older  tubercles  the 
central  portions  were  made  up  of  semifibrous  and  caseous  material, 
tlie  peripheral  only  exhibiting  the  small  cell  growth.  From  this 
distribution  it  was  evident  that  the  growth  was  perivascular,  and 
this  had  probably  arisen  from  a  proliferation  of  the  Ijuiphalio 
«udot)ielia,  as  iu  tubercles  of  the  fin  mater. 
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A  vote  of  tbanks  having  been  accordeil  to  Mr.  Coupland,  the 
Fruaidcnt,  Messrs.  Power,  CowbU,  Atkinson,  Needham,  and  Miller 
joined  in  the  discuasion. 

In  reply,  Mr.  Coupland  tiaid  he  had  not  examined  the  retina  mi- 
croBCopicaliy,  but  that  the  upbthalmuicope  sliowed  nothing  abnormal. 
The  eyea  had  been  removed  two  houre  after  death,  placed  in  Miiller'a 
solution  for  two  weeks,  thence  into  a  aolation  of  gum  acacite,  from 
that  to  methylated  spirit  which  rendered  it  homy  and  lit  for  embed- 
ding. The  gum  was  removed  from  the  eectione  by  immersion  in 
water,  or  by  simply  placing  tbem  direct  into  the  stHining  fluid. 

There  wub  a  short  di^uaaion  on  the  subject  of  Finders,  and  the 
Meeting  then  resolved  itself  into  a  oonveraazione,  when  aeveral  in- 
tereeting  preparations  were  eibibited. 

The  meetings  lor  the  nest  three  months  will  he  Fridays,  April 
17th,  May  15th,  June  19th,  at  the  Iloyal  Westminster  Ophthalmic 
UoBpital,  at  8  p.m.  o'cloek.  ^^ 


—Mi  o  HOa  copi  OAX 


The  fifth  Seeaion  of  the  Microacopieal  Section  of  the  Liverpool 
Medical  Institution  was  inaugurated  with  a  conversazione  on 
October  9th,  lb73,  given  by  the  President  of  the  Society — Dr. 
John  Cameron.  Besides  a  very  attractive  exhibitioa  of  paintings 
and  works  of  art,  there  were  exhibited  a  number  of  the  moat 
recent  physiological  instruments,  microscopes  illustrating  verioua 
branches  of  natural  science,  and  a.  large  collection  of  pharma- 
ceutical preparations. 

The  second  meeting  was  held  on  November  14th,  1873,  when 
Dr.  Davidson  read  a  paper  on  ''  The  Histology  of  Cancer  of  the 
Liver."  Basing  his  remarks  on  the  careful  examination  of  several 
caees  of  this  disease  which  had  j^cently  been  under  hia  care.  Dr. 
Davidson  commenced  by  inquiring — "  Do  the  normal  tissues  give 
way  before  the  cancer,  or  do  they  take  part  in  its  formation  ;  and 
if  so,  which  tissues  of  the  liver  are  converted  into  cancer,  and 
what  part  of  the  cancer  do  they  individually  go  to  form  ?  "  In 
essmining  sections  made  from  a  liver  affected  secondarily  by 
cancer,  showing  nodules  interspersed  here  and  there,  while  the 
hepatic  tissue  was  also  "infiltrated  without  losing  entirely  the 
appearances  of  normal  liver,"  the  author  observed  the  cancer  to 
make  its  way  along  the  portal  canals,  and  at  intervals  the  lumen 
of  the  portal  veins  was  completely  occupied  by  a  plug  of  cancer 
cells.  Passing  to  the  lobules,  cancer  cells  could  be  detected 
within  the  blood-vessel  a,  causing  their  dilatation,  and  pressing  on 
the  surrounding  hepatic  substance.  Dr.  Davicieon  considers  this 
form  of  hepatic  cancer  to  be  originated  either  by  cancerous 
eoiboli  belug  carried  into  the  vessels,  or  by  the  epithelium  of  the 
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Aa  taking  oq  a.  caoceroua  growth.  The  liver  cells  appear  to 
take  no  part  in  tlie  t'ormatioa  of  CAocer,  but  are  stretched  by  the 
growth  taking  plaue  ia  tbe  vesselB,  and  ultimately  disappear. 
On  examiiiiug  livera  affected  with  primary  cancer,  Dr.  Davidson 
observed  their  connective  tissue  to  be  greatly  increased  both  in 
the  portal  canals  and  between  the  rows  of  liver  cells;  while  at 
intervals  are  seen  gniupa  of  liver  and  other  ceils  eocloBed  by  the 
btndfl  of  newly  formed  connective  tissue,  so  that  it  is  very  difficult 
to  say  whether  in  these  cases  the  Uver  cells  do  not  by  degrues 
"  LBS  into  cancer  cells. 
At  tbe  same  meeting  Mr.  Nevrton  exhibited  a  specimen  showing 
ids  of  a  foreign  fruit,  uric  acid  ci'jstala,  very  large  crystals 
of  the  triple  phoHpbates,  and  mannite,"  which  had  been  passi^d 
per  rectum  by  a  patient  presenting  the  symptoms  of  passing  gall- 
atones.  In  the  discussion  which  followed  several  gentlemea 
mentioned  instances  of  patients  passing  phosphntic  and  uric  acid 
crystak,  for  several  davs  io  succeasion,  along  with  the  fieces. 
The  meeting  was  hrougnt  to  a  close  by  the  members  proceeding 
'to  examine  the  specimena  placed  under  about  a  score  of  miero- 
Bcopes,  and  illustrative  of  tne  paper  and  communication  for  the 
evening. 

The  third  meeting  was  held  on  December  12th,  1873,  The 
paper  read  ou  this  occasion  by  Mr.  D.  J.  Hatniltou  on  "  The 
Morbid  Anatomy  of  Epilepsy"  wus  very  exhaustive  and  repleta 
with  original  research.  At  the  author's  request  we  refrain  Irom 
further  notice  of  it,  as  he  intends  ere  long  to  publish  it  in  exlenso, 
Ur.  D.  i.  Hamilton  illustrated  his  paper  by  numerous  sections 
of  the  spinal  cord  from  epileptics  ;  and  exhibited  also  a  section  o£ 
aa  hypertrophied  lymphatic  gland. 

Tbe  fourth  meeting  was  held  on  January  30th,  1874,  when 
Mr,  Bushton  Parker  read  a  paper  on  ''  The  Development  and 
Growth  of  the  Mammary  Gland,  and  its  Minute  Anatomy  ill 
Health  and  Disease."  lieveloped  from  the  outermost  layer  of 
the  blastoderm,  the  mammary  gland  is  first  recognisable  in  the 
ftetus  of  the  third  month  as  a  aeries  of  single  tubes  converging  to 
a  central  point  and  which  afterwards  extend  beneath  the  skin  by 
a  budding  and  lengthening  of  themselves  and  their  offshoots  ; 
the  nipple  being  substituted  at  this  date  by  a  depression.  At 
birth  the  glaod  consists  of  a  number  of  tubes  radiating  from  the 
nipples,  lined  with  columnar  epithelium,  and  ending  blindly  at 
the  tip  of  each  ray.  At  puberty  in  the  female  these  blind  tips  of 
the  gland  ducta  grow  out  into  vesicles  (termed  acini)  lined  by 
spherical  epithelial  cells  which  under  the  influence  of  mutual 
pressure  become  polyhedral  and  slightly  angular.  The  acini  next 
multiply,  form  clustera  like  grapes,  and  are  surrounded  by  an 
abundance  of  connective  tissue.  When  the  first  pregnancy  takes 
place  tbe  acini  become  further  multiplied,  each  mammary  lobe 
enlarges,  more  blood  passes  through,  and  the  connective  tissue 
gets  Bueculent.  Each  acinus  aequirea  an  increased  epithelial  area. 
Dew    cells   forming  rapidly   and    becoming  insinuated  between 
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tliciBe  already  existing,  much  epithelium  is  shed,  each  cell  under- 
going  fatly  degenerutioo  aud  lying  in  a  Beroua  medium ;  in  fuct, 
inillc  is  formed,  Tlie  connective  tissue  also  ahowe  increased 
developmeDtal  activity  and  is  cbarged  with  leucocytes  that  have 
escaped  from  the  bJood- vessel  a.  Tlie  blood- veBsels  aurround  the 
secreting  paeBages,  but  do  not  penetrate  their  epithelial  laycr- 
The  author  next  described  the  minute  anatomy  of  the  nipple, 
and  tlie  probable  armngement  of  the  lymph-vessels  and  lymph- 
lacunte  in  the  mammary  gland.  Having  alluded  to  the  retro- 
greeaive  changes  nhich  occur  after  each  lactation,  and  still  further 
after  menstruation  has  ceased,  be  mentioned  the  abnormalities 
which  have  been  met  with  in  the  number  and  position  of  the  breast 
and  nipples.  Having  described  shortly  the  varieties  of  ulceration 
which  attack  the  nipples — simple,  syphilitic,  eczematous,  and  very 
rarely  cancerous — Mr.  Parker  referred  to  atheroma  of  the  seba- 
ceous glands  around  the  nipple,  to  acute  and  chronic  abseesaes  of 
the  mamma  at  various  periods  of  life,  and  to  that  very  rare  condi- 
tion— true  hypertrophy  of  the  mamma,  and  then  proceeded  to 
examine  the  microscopical  characters  of  mammary  tumours. 
These  he  divided  into  two  classes:  (a)  those  arising  in  the 
connective  tissue  of  the  gland;  and  (6)  those  which  have  their 
origin  in  its  secreting  substance.  Although  mammary  tumours 
arise  in  one  of  the  above  two  ways,  in  nearly  all  secreting  sub- 
stance is  found  mixed  up  with  the  tumour,  more  or  less  altered, 
but  present  nevertheless  throughout.  Lipoma  or  fatty  tumour, 
enchondroma  lir  cartilaginous  tumour,  and  fibroid  or  fibrous 
tumours,  were  mentioned  as  rare  affections,  the  usual  tumour 
found  in  the  mammary  connective  tissue  being  one  of  the  Tarieties 
of  sarcoma.  The  seat  of  sarcoma  here  is  immediately  beneath  the 
glandular  epithelium,  that  is,  in  the  connecting  tissue  surrounding 
the  secret  ing  tubes.  It  causes  primarily  a  swelling,  with  dilatation 
of  the  ducts  and  acini  in  its  neighbourhood ;  later  on  projections 
of  sarcomatous  mammary  tubes  protrude  into  the  already  dilated 
ducts,  so  that  a  cvsiic  growth  is  formed— a  complicated  eyat 
with  winding  glanJular  projections.  The  usual  form  met  with 
is  the  round-celled,  less  frequently  the  spindle -eel  led  sarcoma. 
Among  the  tumours  arising  from  the  epithelium  of  the  gland  the 
author  described  rare  true  adenoid  tumours  in  which  a  morbid 
extension  of  the  whole  secreting  structure  took  |>lace  with  or 
without  the  formation  of  milk.  Also  partial  adenoma  {of  which 
he  had  met  with  two  instances);  and  lastly  Ijillroth's  epithelioma 
of  the  mamma,  in  which  the  epithelium  is  so  excessively  increased 
•n  quantity  that  the  acini  become  enlarged  to  the  size  of  millet 
Needs  or  even  to  a  diameter  of  -^th  inch.  Of  this  variety  of 
tumour  the  author  had  met  with  one  example — removed  two 
years  ago,  and,  so  far,  proving  clinically  innocent.  He  concluded 
by  describing  the  minute  anatomy  ot  carcinoma  of  the  breast. 
His  observations  were  illustrated  by  a  large  collection  of  beautiful 
aud  well-selected  specimens  of  sections  of  the  healthv  mamma 
of  a  gir],  old  woman,  and  man  ;  of  an  epithelioma  (.Billroth 's)  ; 
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of  an  intracystic  growth,  or  "  hernia  of  adenoid  mammary  tissue ;" 
of  a  fibrous  tumour ;  of  a  round-celled  sarcoma ;  and  of  carcinoma 
from  eight  different  cases. 


Dublin  Mioboscopical  Club. 

25th  September,  1873. 

Sections  of  Miocene  Zeolite-hearing  Trap,  exhibited. — Prof.  Mao- 
alister  exhibited  a  section  of  the  Miocene  Zeolite-bearing  trap  from 
Trottemish,  Isle  of  Skye,  showing  the  relations  of  the  Labradoritey 
Angite,  and  Olivine  crystals  of  which  it  is  composed. 

Spectroscopic  examination  of  Crystals  from  a  Cactus, — Mr.  Tich- 
bome  stated  that,  since  the  previous  meeting,  he  had  at  Dr.  Moore's 
nequest,  examined  the  crystalline  masses,  as  they  might  be  called, 
found  by  him  in  a  species  of  Cactus.     These  had  proved  themselves 
to  consist  of  oxalate  of  lime.     When  examined  with  the  spectroscope 
the  calcium  bands  were  given  in  a  striking  manner,  showing  the 
value  of  this  instrument  for  minute  analysis.     When  the  crystals 
\7ere  ignited  they  gave  white  opaque  particles  without  blackening ; 
"these  were  seen  to  effervesce  when  treated  on  the  slide  with  acetic 
acid.     They  were  not  soluble  in  acetic  acid,  but  were  so  in  hydro- 
chloric acid,  and  the  resulting  solution  gave  a  precipitate  on  the 
addition  of  ammonia.     They  were  evidently,  therefore,  crystals  of 
oxalate  of  lime. 

Exhibition  of  Algcefrom  Hot-toater  Springs,  Azores, — Mr.  Archgr 
exhibited  some  further  examples  of  algsB  and  other  organisms  from 
the  Azores  gatherings  made  by  Mr.  Mosely.  Amongst  these  was  the 
alga  ere  now  brought .  before  the  Club  and  spoken  of  as  '*  Animated 
Sand"  (see  Club  Minutes  of  July,  1871).  He  showed,  too,  a 
curious  gemma-growth  on  a  moss  stem,  resembling  the  'radical 
tubercles'  (tubercules  radioulaires,  Schimper),  but  he  hoped  to 
revert  to  this  collection  on  a  future  occasion. 

2Srd  October,  1873. 

Structure  of  Oanoid  bone  of  Oanorhynchus  Wbodwardi,  Traquair. 
— Dr.  Traquair  exhibited  a  section  of  the  ganoid  bone  on  the  surface 
of  the  fossil  fish-snout,  which  he  had  recently  described  as  Oano» 
rhynchtis  Woodwardi,  Though  the  fish  belonged  to  the  Order 
Dipnoi,  and  not  to  the  Ganoids  proper,  the  section  exhibited  cha- 
racters essentially  similar  to  those  found  in  the  polished  plates  and 
scales  of  many  Ganoid  fishes.  When  the  section  was  taken  the 
bono  was  very  thin,  being  only  about  -j^"  in  thickness.  It  showed 
first  a  thin  superficial  layer  of  structureless  ganoiue  about  ywujs" 
thick ;  through  this  the  punctures  of  the  surface  opened  into  a  set 
of  short  vertical  canals,  widening  downwards  so  as  to  assume  a 
somewhat  conical  figure ;  these  communicated  with  each  other  at 
their  bases,  and  also  with  the  close,  irregular  network  of  Haversian 
canals  which  ramified  through   the  reioaining  inferior  part  of  the 
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Bection.  Bl-Iow  the  ganoitie  the  interval  between  the  short  vertical 
canalti,-mon)  or  leaa  oup-shaped  in  the  section,  were  seen  to  be,  lor 
the  most  part,  traversed  each  bv  a  short  vertical  tube  coming  up 
from  the  Haversian  network  below,  and  dividing  in  an  arborescent 
manner  into  a  multitude  of  minute  ramifying  tubuleii,  passing 
towards,  but  not  into,  the  ganoine  above.  Tlie  branches  of  adjacent 
trees  of  this  kind  also  freely  communicated  with  each  other  around 
and  between  the  short  vertical  canaia,  between  which  tbeir  stems 
were  situated.  It  must  be  noted,  however,  that  OBseoua  lacuiite 
were  occasionally  seen  among  its  minute  tubules.  Lacunte  of  the 
normal  type  abounded  in  the  substance  of  the  bone  beiow. 

"  Winter  I^gg"  of  Notommafa, — Mr.  Crowe  showed  the  "winter 
egg  "  of  a  Notommata-specteH,  much  resembling  in  external  figure  the 
zygospore  of  certain  Desmids,  its  long  apines  dilated  below,  covering 
the  Burfsce  and  extending  radially  in  all  directions,  the  a[)iceB  some- 
what curved. 

Irith  Thymrutra. — Dr.  E.  Perceval  Wright  exhibited  a  small  eol- 
Jection  of  Thyaanura  made  within  the  compass  of  a  two-acre  field  at 
Howth,  consisting  of  OrcheteUa  eincta,  Tomoceros  low/ieornig, 
T.plumbea,  Lepidoeyrlug  eurvieollis,  L.purpureus,  Degeeria  fUvalit, 
I»oloma  anglicana,  Lipura  maritinta,  and  MaohilU  maritimut. 
Several  of  these  had  not  previously  been  recorded  as  Irish.  No 
group  of  Arthropoda  needed  investigation  more  than  this,  and  none 
required  a  more  patient  mieroscopieal  investigation  to  determine 
not  only  tfae  limits  of  the  species,  but  also  of  the  genera. 

In  noticing  the  recent  '  Monograjih  on  the  CoUembola  and  Thy- 
rtnura'  by  Sir  John  Lubbock,  Dr.  Wright  pointed  out  a  few  arroi's, 
both  of  commission  and  of  omission,  that  had  struck  him  ou  a  hat>ty 
glance  over  the  volume ;  the  typographical  errors  were  not  only 
very  numerous,  but  in  some  placts  extremely  puzzling. 

Amceba  with  remarkable  posterior  linear  procettes. — Mr.  Archer 
drew  attention  of  the  meeting  to  a  remarkable  and  we II- pronounced 
example  of  the  same  condition  in  Amffiba  onee  before  shown  to  the 
Club  (see  Minutes  of  the  Club,  February,  ltll66),  consisting  in  the 
projection  from  the^o«(w(Drend  of  a  number  of  linear  proloiigationa 
of  the  body  substance  (like  a  bundle  of  dip-candles,  if  the  candles 
were  of  varying  lengths!).  These  prolongations  or  processes 
possessed  a  certain  amount  of  temporary  rigidity,  and  gave  a  very 
odd-looking  appearance  to  the  specimen ;  it  was  in  active  progression, 
and  the  behaviour  (as  regards  fiow  of  contents,  locomotion,  &k^ 
was  quite  that  of  an  A.  villoma. 

Cosmocladium  Saxonicum,Aa  ^&t\  , exhibited. — Mr.  Archer  showed 
examples  from  Cuunemara  of  the  seemingly  widely  distributed,  but 
always  extremely  scanty,  alga,  Cotmocladium  Sasonieum,  de  fiary, 
drawing  attention  to  the  points  dvelt  upim  by  de  Bury  aii  dis- 
tinguishing this  form  from  O. pulchellum,  Breb.,  nhicb  latter  bad 
not  appeared  in  this  couutry.  I'he  supposition  ia,  however,  oiien 
that  these  may  be  one  and  the  same  thing,  and  the  confusion  (if 
any)  due  to  a  certain  want  of  dtfiniteness  as  R'gards  de  Brgbi^sou's 
doforipbioB  and  figure. 
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^ore  of  Micra»teria»  papillifera,  for  thejirxt  time  found  in 
Irdami. — Mr.  Archer  showed  the  zygospore  of  Micrnsterias  papil- 
liftra.Brfb.  from  Q-lencolambkiiie,  Co.  Donegal.  This  rather oom mo ii 
speciee,  though  not  at  all  abundaat,  does  not  seem  to  have  been 
met  with  coujugatsd  since  recorded  by  Balfe.  Ab  ia  Hhown  by  that 
aathor,  the  aygospore  is  very  like,  tlioagh,  of  course,  smaller  than 
that  of  Micfoitgrias  d&aticulata,  Br^b.,  though  the  mature  plaat  ie 
quite  dissimilar,  and  it  is  seemingly  of  interest  to  note  tliis  fact, 
seeing  the  very  dissimilar  zygospores  of  the  latter  and  that  of  M. 
rolata,  Ralfs,  although  these  two  forms,  from  poKsetising  a  con- 
siderable resemblance  to  one  another,  have  ere  now  by  some  been 
held  to  be  but  varieties  one  of  the  other.  The  present  examples 
formed  exceedingly  ornate  objects. 

XeK)  Spefneg  of  Colpoo^halwm,  exhibited, — Mr.  H.  W.  Mac- 
kintosh snowed  a  new  species  of  Colpocephalam  from  Arden 
purpurea,  of  which  he  would,  ere  long,  prepare  a  figure  and  due 
description ;  its  nearest  ally  wait  O.  Jiaveteens. — Dr.  Macalieter 
showed,  as  further  illustrative  of  the  genus  and  for  sake  of  oom- 
parison,  Oolpocephalum  zebra. 

20M  Nooember,  1873. 

Chsmarium  Solmietiae,  0  Limdell,  exhibited.  —  Mr.  Crowe 
showed  a  Cosmarium  taken  by  him,  in  company  with  Dr.  J.  Barker, 
from  a  wet  rock  at  the  Falls  of  the  Ehine,  which  turned  out  to  be 
identical  with  Ootmarium  Holmiense,  0  Lundell  j  this  form  has 
now  been  taken  in  Norway  and  Spitzbergea 

SeetiofU  from  a  puzzling  Fem-Uke  stem — a  marine  waif- — ex- 
hibited.— Mr.  Mackintosh  showed  sections  made  by  him  from 
a  stem  of  fern-like  or  lycopod  aspect,  found  cast  ashore  on 
the  Kerry  coast,  and  forwarded  by  Rev.  M.  H.  Close ;  this  was 
about  nine  inches  long,  about  an  inch  in  diameter,  twice  dichoto- 
mously  branched,  and  densely  covered  in  an  imbricated  manner  by 
the  scale-tike  bases  of  former  leaves,  the  whole  of  a  black  colour. 
These  sections  showed  ticalariform  vessels.  The  origin  of  this 
curious  waif  was  quite  unknown,  the  general  opinion  being  that  it 
was  of  fern  nature. 

Aetion  of  Chloroform  on  Hair  affeoted  by  Porrigo  decalvant. — 
Dr.  Frazer  showed  the  action  ol  chloroform  iu  bleaching  hairs 
affected  with  Porrigo  deealoam  or  true  rinij-worm,  a  reaction  lately 
discovered  by  Dr.  Dyee  Duckworth.  llTider  this  reagent  the 
diseased  hairs  and  portions  of  the  epithelium  at)*ected  become  of 
pale  yellowish- white  colour,  and  an  excellent  criterion  is  afforded  of 
the  extent  of  the  disease. 

Seetiong  of  Nail  and  Walrus  Tooth,  exhibited.— Mr.  Pearsall 
showed  with  the  polariseope  sections  of  human  nail  and  of  walrus 
tooth. 

Micratteriat  farcata,  found  for  the  first  time  in  Ireland,  ex- 
hibited alimg  with  M.  radiosa.—Ur.  Archer  showed  two  very  rare 
forms  (as  Irish)  of  Micrasterias,  from  Co.  Galway,  viss.  Mi- 
erasteriaa  fmreata    (Ag.)  and   M.    radiota    (Ag.).     The    formu 


I 
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ho  had  never  before  found  in  Ireland,  and  hud,  indeed,  only  onee 
before  Been  it  from  near  Ambleside,  in  Weatmoreland ;  the  latter 
he  had  taken  only  once  before  in  Ireland  (Connemara).  Afl 
previa ubI J  mentioned,  Micrasteria*  furcata  (the  handsomest 
British  form!)  nas  to  his  eyes  quite  a  distinct  thing  from  M.  crux- 
meZi/iinju,  though,  ere  he  had  aeen  an  indubitable  example  of  ilf. 
fitreaia,  he  had  conjectured  they  might  possibly  be  one  and  the 
same. — Micragteria*  radiota  he  had  taken  previously  in  Wales,  but 
only  in  Balfs  single  loiiality  for  it,  Llyn  Gwernan,  near  Dolgelly, 
and  once  before  in  Ireland,  (Connemara) ;  Irish  specimens  did  not 
seem  quite  so  large  as  the  Welsh. 

Stauragtrumarcti*con{'i!lhr.),li\inA.,neieto  Ireland.— TA-T.  Archer 
likewise  showed,  new  to  Ireland,  from  Connemara,  that  very  fine 
form  Staura»l.rum  arctUoon  (Ehr.),  Lundelt  ;  of  this,  indeed,  he  had 
found  only  three  or  four  eiamptea,  though  he  had  most  patiently 
gone  over  the  material  in  the  hope  of  increasing  the  number,  and  it 
is  so  large  and  strikina;  a  form  it  could  hardly  eiicape  observation 
in  an  ordinary  Geld  of  view,  even  under  the  lowest  powers.  It  is 
quite  distinct  from  Stauratfrum  sexangulare,  Bultih.,  upon  taking 
which  species  for  the  first  time  Mr.  Archer  had  thought  to  be  St. 
arethoon  possibly. 

Dooidium  coronalttm,  Ehr.,  exhibited. — Mr.  Archer  also  showed 
the,  with  us,  rare  Docidium  eoronalum  (Ehr.),  a  line  species,  not 
unlikely,  however,  to  be  overlooked  for  Docidium  nodulogam, 

Seterophrga  Fockii,  Archer,  exhibited  in  groups. — Mr.  Archer 
showed  a  very  Gne  collection,  presenting  many  groups  conjoined, 
sometimes  as  many  as  a  dozen  or  iio  of  individuals  of  ffeferophri/a 
Foekii ;  this  rhizopod,  when  nicely  illuminated,  forming  then  a  pretty 
and  curious-looking  object,  calling  to  mind  Haeckel's  figure  of 
Myxodictyum  loeiale,  but  it  need  not  be  said  a  wholly  ditFereot 
thing,  Theiie  examples  showed  the  pseudopodia  extended  to  a  very 
great  length ;  longer,  in  fact,  than  he  hod  ever  before  seen,  say  three 
or  four  times  the  body -diameter. 

jForm  of  Navicula  Igra  {po»»ibly  a  distinct  species  7) — 
Kev,  E.  O'Meara  showed  a  form  of  Navieula  Igra,  Elir.,  from 
stomachs  of  Ascidians  (Itoundittone  Bay,  Co.  Galway),  which  in  all 
its  details  coincided  with  the  form  described  by  Grunow, '  Ueber 
neue  oder  ungeniigend  gekannte  Algen,'  p.  532,  t.  iii,  f.  22.  The 
striation  is  minutely  but  distinctly  punctate  and  quite  unlike  that  of 
the  well-known  forms  of  Navieula  l^ra.  On  this  ground  he  con- 
sidered it  as  a  well-marked  variety  thereof,  but  not  entitled  to  be 
confiidered  as  a  distinct  species. 

18M  December,  1873. 

OJotterium  linea,  Perty,  exhibited. — Mr.  Crowe  showed  ChHerium 

tinea,   Perty,  from   the    little  Steplianosplieera-'^oo\  on  Bray-head, 

the  first  time  that  that  species  had  been  met  with  in  that  restricted 

A  Form  of  Navioula  didgma,  W.  Sm.  {possihig  a  distinct  species?'), 
exhibited. — Rev.  £.  O'Meara  showed  a  (brm  he  eonsidered  identidal 
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vriih  ^avicula  didi/ma,  sporsLiigiaX  variety,  W.  Sm.,  'Brit.  Diat.,' 
vol.  i,  t.  xvii,  f.  154,  a.  This  bears  a  strong  resemblance  to  iV". 
Smithii,  Ya,r.Jusca,  Greg.,  so  that  it  is  not  surprising  that  some 
should  have  identified  it  with  the  last-named  species.  A  close  in- 
spection, however,  of  the  peculiarities  led  him  to  the  conclusion  that 
it  is  quite  distinct.  The  central  panels  in  both  are  somewhat 
rhombical,  and  the  stHation  in  this  portion  very  similar,  apparently 
costate ;  Naviculafusca^  indeed,  in  some  aspects,  appears  slightly 
incurved  at  the  sides,  but  this  is  plainly  constricted.  In  the  former 
the  general  striation  is  moniliform — in  the  latter  it  consists  of  some- 
what elongated  lines,  and  much  coarser  than  the  other  species. 

N'ostochaceotis  filaments  in  tissue  of  Azolla,  exhibited. — Professor 
M'Nab  exhibited  an  illustration  of  the  presence  of  Nostochaceous 
filaments  in  the  tissue  of  higher  plants,  an  occurrence  recently 
drawn  attention  to  by  observers  (Reinke  and  others),  as  exemplified 
by  Azolla.  These  he  had  extracted  from  the  tissue  and  placed 
under  the  microscope,  stating  that,  on  looking  over  the  collection  he 
possessed  of  difierent  Azolla-species,  all  had  shown  him  the  presence 
of  these  sAgSd  within  their  tissue,  adverting  also  to  the  fact  that, 
whilst  these  had  for  some  time  been  noticed,  they  had  been  by  certain 
observers  interpreted  as  in  some  way  connected  with  the  reproductive 
apparatus  of  the  Azolla.  The  presence  of  foreign  algae  forms  within 
the  tissue  of  higher  plants  had  lately  acquired  a  double  interest, 
that  which  attached  to  their  living  and  seemingly  flourishing  in  so 
unexpected  a  habitat,  as  well  as  that  which  these  "  parasitic  "  algae, 
so  called  ad  interim,  had  in  relation  to  the  new  theory  of 
the  nature  of  "  lichen-gonidia "  propounded  by  de  Bary  and 
Schwendener. 

Illttstrations  of  the  Beproductive  Apparatus  in  Marchantiete, — 

Dr.  Moore  exhibited  plants  of  Morchia  hibernica,  Gottsche,  and 

J^etalophi/llum  Balfsii,  Gottsche.      The  latter  had  the  male  and 

female  flowers  in  good  condition.      Groups  of  young  archegonia 

ready    for    impregnation,   and   some   impregnated,    were    shown. 

Dr.  Moore  mentioned  that  he  had  seen  numbers  of  the  thread-like 

bodies  like  spermatozoa  floating  about  among  the  archegonia,  but 

could  not  observe  that  they  entered  at  the  apex  of  those  bodies. 

The  observation  was  made  with  a  moderately  good  French  -J  object 

glass.     On  another  slide  Dr.  Moore  had  the  male  flowers  of  LunU' 

laria  vulgaris,  which,  he  observed,  were  in  good  condition  at  this 

period  of  the  season.     He  further  observed  that  when  the  male 

flowers  are  fully  ripe,  if  the  plant  be  put  into  a  pan  or  saucer  and 

covered  over  with  a  pane  of  glass,  a  quarter  of  an  inch  or  so  apart 

from  the  surface  of  the  plant,  the  glass,  though  well  cleaned  when 

put  on,  will  after  a  few  days  become  discoloured.     If  the  substance 

which  causes  this  be  gently  scraped  off"  and  put  on  a  slide  with  a 

little  water,  and  covered  with  a  covering  glass,  it  will  be  found  to 

consist  chiefly  of  the  ovate  antheridia,  which  led  him  to  conjecture 

that  those  minute  organisms  are  ejected  from  their  cavities  on  the 

surface  of  the  thallus  by  a  jerk.     He  had  not  seen  this  take  place, 

but  he  could  not  account  otherwise  for  this  being  on  the  surface  of 


PROCKKOINOS  OV  SOCIETIES. 


the  glapii,  which  was  bo  far  apart  from  the  plant.     The  pher 
can  also  be  well  observed  in  plants  Fegatella  conica,  Corda. 

Bulboch/Ble  minor,  PringB.,  exhibited  infruit  {mid-winter). — Mr. 
Archer  shotved  examples  in  various  more  or  less  developed  and 
nearly  perfect  fruit  of  Butboehtefe  minor,  Pringsbeim,  possibly 
possessing  an  additional  interest  as  being  taken  in  fruit  in  midwinter. 
The  commencing  formAtion  of  the  oogonia  and  variously  adranced 
stages  were  well  seen,  also  of  the  antheridla.  The  fully-formed 
0(^0 nia  showed  the  characteristie  longitudinal  ribs  ;  further,  what 
seemed  to  be  a  new  character  was  noticeable  in  some  empty  speci- 
nens,  that  these  ribs  were  connected  by  numerous  transverse,  though 
delicate,  lines,  giving  a  scalariform  appearance. 
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Sonorary  Secretary,  Gkobge  Gpilitee,  J'.K.S. 
October  2nd,  1873. 

Onfttalt  in  Leguminous  Flanti.—  'Sh.e  Hon.  Sec.  exhibited 
drawings  aad  preparations,  and  gave  practical  demonst rations  io 
the  fresh  plants,  of  the  cryatais  of  oxalate  of  lime  which  he  had 
discovered  in  the  leaves,  pods,  liber,  and  other  parts  of  Legu- 
minosffi,  aince  illustrated  by  a  plate  in  the  December  number  of 
the  'Monthly  Microscopical  Journal.'  These  crystals,  mostly 
belonging  to  one  or  the  other  of  the  prismatic  systems,  he  calls 
ahort  pritmatic  crystah,  thus  distinguishing  them  from  raphides, 
Bpheerap hides,  long  cryiital  prisms,  or  other  forms  of  plant- crystals. 
Ihe  short  prismatic  crystals  resemble  those  in  the  testa  of  the 
elm,  described  and  figured  in  last  July  number  of  the  '  Quarterly 
Journal  of  Microscopicat  Science,'  and  are  about  ^g'^u''''  "^  ^'^ 
inch  in  diameter,  and  occur  very  abundantly  in  chains  of  cells 
along  the  fibro-vascular  bundles  of  the  leaves,  calyx,  and  pods, 
and  also  scattered  throughout  many  membranous  parts.  In  one 
inchof  one  vein  of  a  single  leaflet  of  clover  he  counted  no  leas  than 
17,500  of  the  short  prismatic  cryatais  ;  and  his  lecture  was  con- 
cluded by  observations  on  the  signilicance  of  these  crystals  in  the 
economy  of  aoimala  and  plants. 

Dentate  Scales  of  Pleuroneetidis. — Mr.  Hayward  showed  some 
prepared  slides  of  the  notclied  scales  (ctenoid)  of  the  sole,  being 
a  good  example,  contrary  to  the  rule,  of  this  form  of  scale  in 
BolT^ finned  fish. 

November  Qth,  1873. 

Tlie  late  Major  WiUioTii  Auguitwt  Munn. — Referring  to  the 
recent  death  of  this  eminent  apiarian,  and  the  loss  which  his 
widow  and  family  and  entomological  science  had  sustained  thereby, 
a  motion  expressive  of  the  sympathy  and  regret  of  the  society,  of 
which  he  had  long  been  a  most  valuable  member,  was  uuouimuiisly 
au-ruid. 
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_.  Statoblatig  of  Plumafella. — Colonel    Horeley    remarked    the 

abundance  of  Flamalella  repeng  about  Canterbury,  and  how 
eoBily  this  beautilul  apeeies  may  be  kept  in  the  aquarium.  This 
had  enabled  him  to  confirm  Dr.  Allmau'a  ab^ervationa,  that  the 
HtatoblastH  are  not  ova,  but  a  peeuliar  form  of  bud  produced  ia 
the  funiciUufl.  The  Colonel  exhibited  the  Htatoblanta  under  the 
microscope,  and  BuggeBted,  for  future  research,  the  question  aa 
to  how  far  they  may  admit  of  coraporiBoa  with  the  wiuLer  ova  of 
Eotifera,  and  the  ephippia  of  Daphne. 

Mydrtu  and  their  Prey, — Mr.  Pullagar  showed  many  live 
Bpecimena  of  Hgdra  viridU  and  Cyclops  q-uadrieomis.  When  the 
Cyclops  was  put  to  the  Hydra,  the  former  w««  inatantly  taken 
by  the  latter,  Bometiraea  ingested  immediately,  and  often  only 
seized  or  touched  by  the  polyp's  tentacles,  and  allowed  to  float 
away.  But  in  either  case  the  death  of  the  prey  was  sure,  as 
proved  io  many  trials.  Hence  be  concludeB  iQ  the  affirmative 
aa  to  the  veied  question  of  the  power  of  the  freah-water  polyp  to 
destroy  ita  prey  by  mere  stinging. 

Decemher  ilh,  1S73. 

Sgfft  of  Freth-water  Polyps. — Mr.  Fullagar  eihibited  and  made 
some  observations  thereon.  The  ovum  of  Hydra  vulgaris  is  of 
an  orange  colour,  and  about  ^fh  of  an  inch  in  diameter :  the 
ovum  of  Hydra  viridia  is  of  a  light  brown  colour,  and  about  ^gth 
of  an  ioeh  in  diameter  ;  theae  ova  of  both  speciea  are  spherical. 
An  egg  of  Sydra  eiridig,  detached  from  the  parent  towards  the 
end  of  May,  was  hatched  in  his  aquarium  about  thirty  days 
thereafter. 

Utricular  Hairs  of  Ckenopods. — The  Hon.  Sec.  showed,  by 
drawings  and  preparations,  that  tbe  so-called  mealiness  of  these 
plants  is  produced  by  aimple  hairs  of  two  or  three  cells,  tbe 
terminal  cell  being  dilated  into  a  globular  vesicle,  numbers  of 
which  BO  reflect  the  light  as  to  produce  the  mealy  appearance. 
By  transmitted  light  they  appear  colourless  and  transparent.  The 
dilated  terminal  cell  ia  about  jjgth  of  an  inch  in  diameter. 

Oalcareouf  granules  on  Bryonia  dioica. — These,  commonly  de- 
scribed by  botanists  as"  asperities"  or"  callous  points,"  he  proved, 
by  extemporaneous  preparations  and  experiments,  should  be 
rather  called  Calcareous  granules ;  for  this  is  their  true  nature, 
-  as  they  are  composed  of  carhouate  of  lime.  Each  callous  point  ia 
about  -j-Kth  of  an  inch  in  diameter,  and  the  smooth,  shiny,  con- 
stituent granules  composing  that  point  have  an  average  size  of 
jjgth  of  an  inch.  This  profusion  of  calcareoua  matter  on  ttje  sur- 
face of  the  leaf  of  bryonia  ia  remarkable,  as  this  plant  is  throughout 
devoid  of  any  raphides,  and  contains  an  unusually  small  number  of 
other  saline  crystals. 

Spkaraphides  and  Epidermis  of  fke  leaf  of  the  Tea  Plant. — The 
public  mind  being  now  much  interested  about  the 
of  tea,  the  Hon.  Sec.  gave  some  demonstrations, 
preparations  of  the  leaf  of  a  fresh  plant  of  T/iea  viridis.     Tbe 
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epidermia  dd  both  sides  of  the  leaf  was  abown  to  be  compoeed 
nlihe  of  cells  withsinuoua  margins  (eolpencbyraa),  with  the  addi- 
tion to  the  epidermia  on  the  under  surface  of  oval  stomata,  and 
shortish,  smooth,  taper,  slighlly  curved  hairs.  Throughout  the 
parenchyma  of  the  leaf  were  Bphseraphidea,  thickly  studded,  and 
with  a  mean  diameter  of  about  -m'jjnth  of  an  inch ;  and  here  and 
there  were  short  strings  of  simiJar  sphiBraphides,  only  about  half 
&a  large,  on  the  iibro- vascular  bundles.  The  composition  of  the 
Bphieraphides  appears  to  be  chieflj  oxalate  of  lime.  They  are  not 
easy  to  find,  in  consequence  of  the  density  and  opacity  of  the 
surrounding  parts ;  and  this  is  probably  the  reason  why  these 
beautiful  cryatala -have  hitherto  escaped  discovery. 

falue  of  Potatk  in  Histological  Phytotomy. — At  the  same  time 
he  remarked  that  the  value  of  potass  in  separating  the  fibres, 
membranes,  or  celia,  and  clearing  parts  of  plants  for  microscopical 
investigation,  seems  to  have  been  insufficiently  appreciated.  He 
showed,  for  example,  that  by  treatment  with  cold  solution  of  this 
alkali,  and  still  better  by  boiling  in  it  portions  of  the  tea  leaf,  the 
epidermis  could  easily  be  detacued  from  both  sides,  leaving  quite 
distinct  the  intervening  layer  of  parenchyma  and  nerves,  and  thus 
beautifully  exposing  the  sph^erap hides.  He  had  found  the  potass 
eijually  useful  in  disclosing  the  short  prismatic  crystals  in  legu- 
minous and  many  other  plants,  and  in  examination  of  the  tea  .of 
commerce  ;  so  that  tiie  heretofore  refuse  of  the  teapot  may  be  a 
a  very  interesting  subject  for  microscopical  inquiry. 


t  Me  Tekm  Endothelium.     By  Michael  Foster,  M.D., 
F.R.S.,  Prielector  in  Physiology,  Triii.  Coll.,  Cam. 

I  The  word  "  emlotlielium  "  lias  been  recently  introduceil 
into  histology,  and  the  use  of  it  lias  rapidly  become  common, 
if  not  general.  The  speedy  acceptance  of  a  new  term  may, 
ill  many  cases,  but  not  in  all,  be  taken  as  an  indication  that 
something  of  the  kind  was  wanted ;  and  the  already  frequent 
use  of  "endothelium,"  both  by  Continental  and  English 
histologists,  would  seem  to  show  the  need  of  some  other 
phrase  besides  "  epithelium."  Nevertheless,  there  are  cogent 
reasons  why  the  new  term  should  not  be  allowed  to  take  aiiy 
further  root. 

In  the  first  place,  its  etymology  is  of  the  most  grotesque 
kind.  This  is  of  course  an  objection  of  secondary  value ; 
but  still  it  carries  some  weight.  When  a  term  has  come  into 
daily  use,  with  a  clear,  well-defined  meaning  attached  to  itj 
it  does  not  matter  much  what  its  etymology  is  or  how  it  is 
spelt,  except  on  historical  grounds.  Many  terms  get  so 
altered  in  their  meanings  before  they  finally  acquire  a  per- 
manent application,  that  the  chief  interest  in  their  etymology 
is  confined  to  the  light  it  throws  on  the  ideas  of  the  man  who 
first  introduced  them.  This  is  the  chief  reason  why  new 
terms  should  be  etymologically  correct,  in  order  that  future 
inquirers  may  read  back  through  them  into  the  minds  of 
earlier  observers.  When  a  word  is  etymologically  pure  non- 
sense, this  is  apt  to  become  impossible.  Such  is  the  case 
with  endothelium. 

It  appears  to  have  been  first  introduced  by  His,  to  desig- 
nate the  kind  of  epithelium  fpseu do- epithelium,  unachte  epi- 
tkdieJi ")  which  is  found  lining  the  vascular,  lymphatic,  and 
serous  cavities  of  the  body,  in  contradistinction  to  the  real 
epithelium  of  mucous  membranes.  He  says  (Die  Haute  uiid 
Hohlen  des  KSrpers.  Acadeinisches  Programm.  Basel,  1865, 
J..  18):- 
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Alle  die  Zellenscliichten,  welche  den  Biiiuenraumen  dea 
mittleren  Keimblattea  zugekefart  sind,  zeigen  nun  aber  iinter 
sich  BO  viel  Gemeinsaines  und  sie  differiren  von  der  ersten  Zeit 
jlires  Auftretens  aucli  so  erheblich  von  den  Zelienschichten, 
die  aus  den  beiden  Granzblattern  hervorgegangcn  sind,  dags 
man,  ini  Interesse  pbysiolog;ischen  Versiiindnisaea  wolil 
thuo  wird,  sie  von  dieaen  durch  eine  besonderc  Bezeichunng 
zu  scheiden,  sei  es,  daes  man  sie  als  uriachte  Epitkelien  den 
achten  gegenuber  stpllt,  sei  es  dass  man  sie  Endothelien 
ueunt  um  mit  dem  Wort  ihre  Beziebung  zu  den  innern 
Ktirperflachen  auszudriicken. 

Endothelium  is  here  contrasted  with  epithelium,  so  that 
the  latter  may  be  considered  as  the  "  thelium"  of  free  surfaces 
(whether  invaginated  or  not) ,  and  the  former  as  the  "  thelium  " 
of  internal  closed  spaces  ;  "  thelium  "  apparently  being  taken 
to  mean  "  a  layer  or  layers  of  cells." 

Now,  ivhat  is  the  derivation  of  "  epithelium  ?  "  I  am  in- 
debted to  Ur.  Sharpey  for  the  following  account.  He  says, 
in  a  letter  to  me : — "  Epithelium,  or  rather  '  eptlhelida,'  and 
especially  '  epithtlia '  (first  declension),  was  introduced  by 
F.  Huysch.  In  describing  a  preparation  of  the  face  of  a  child 
finely  injected,  he  refers  to  the  cuticle  over  the  red  part  of 
the  lip  (prolabiura),  and  says,  'I  cannot  call  this  "epi- 
dermis," seeing  that  the  subjacent  tissue  is  not  skin,  but  a 
diflferent  substratum  covered  with  sensitive  (nervous)  papilla^j 
which  are  finely  injected  red.'  He  then  goes  on  to  say  that 
as  the  cuticle  lies  on  papilla:  he  will  call  it  epithelida,  or 
epithelia,  from  ctti  and  6i|Xi|,  '  papilla '  or  '  mammilla,'  and 
he  adds  that  for  the  same  reason  he  calls  the  inside  coating 
of  the  cheeks  by  the  same  name.  The  original  is  as 
follows  (Ruysch,  T., '  Thesaurus  Anatomicus  III,'  No.  xxiii, 

"  '  *  ■  •  Nulla  sabest  huic  integumento  cutis,  ergo  epidermis 
dici  nequit  quamvis  analogiam  summam  et  connexionem  cum 
ilia  habet  *  *  •  •  comperi  prolabia  constituta  esse  ex  meiis 
papillis  non  cutaneis  (cutis  enim  hie  revera  deest)  sed  papillia 
nervosis ;  itaque  integumentum  illud  supradictura  potius 
epithelida  dixero  vel  integumentum  papillare  prolabiorum 
quod  revera  nil  est  nisi  efflorescentia  sen  expansio  extremita- 
luiri  piipillarum.' 

"  III  '  Thesaurus  Anatumicus  VI,'  No.  cxv,  p.  49,  he 
says,  'Anterior  pars  prolabii  inferioris — epithelia  adhnc  est 
obducla.' " 

From  this  it  is  evident  that  epithelia,  changed  in  course  of 

time  into  epithelium,  just  as  platina  has  become  platinum, 

[S3  ,"tbst  which  covers  or  is  upon  a  papilla,"  and  cong 
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'quently  Dndothelium  means  "  that  which  is  inside  a  papilla." 
The  extension  of  the  phrase  epithelium  to  the  celUiIar  covering 
of  such  parts  of  the  corium  as  are  destitute  of  papillse  may  be 
easily  allowed,  but  it  does  seem  a  most  daring  defiance  of  all 
meaning  of  words  to  apply  the  phrase  "  within  the  papilla  " 
to  the  cells  coating  surfaces  of  which  one  great  characteristic 
is  that  they  are  devoid  of  papiUse  !  There  seems  to  be  some- 
thing attractive  about  "  thelium  "  that  tempts  writers  to 
make  use  of  it.  Already  endothelium  has  given  rise  to  a  new 
"  ec  to  thelium,"  and  probably  after  a  few  years  "thelium" 
will  become  a  sort  of  histological  maid- of- all- work,  with  as 
many  prefixes  as  there  are  kinds  of  cells. 

In  the  second  place,  there  are  objections  to  the  use  of 
entlolbelium  not  etymological  in  their  nature. 

The  peculiar  views  of  His  on  the  origin  of  the  connective 
tissues  of  the  body  would,  if  true,  afford  a  strong  argument 
for  the  use  of  some  special  term  to  denote  such  kinds  of 
epithelium  as  were  formed  out  of  his  parablast.  Putting  these 
aside  as  mistaken,  there  still  remains  the  question  whether  it 
is  not  desirable  to  have  some  distinctive  appellation  to  denote 
the  epithelium  which  is  formed  out  of  the  elements  of  the 
middle  of  the  three  layers  of  the  germ  (the  mesoblast  of  Mr. 
Huxley  and  myself_),  the  word  epithelium  itself  being  reserved 
for  the  nether  layer  (or  hypoblast). 

If  so,  the  word  endothelium  cannot  be  employed  with  this 
meaning,  for  it  would  then  include  structures  still  called  epi- 
thelium, and  differing  in  no  essential  characters  from  the 
epithelium  derived  directly  from  the  hypoblast. 

The  cells  lining  the  WoliRan  duct,  and  its  derivative  the 
ureter,  with  their  branches,  would  then  come  under  the  head- 
ing endothelium.  Whatever  be  the  exact  mode  of  the  first 
formation  of  the  Wolffian  duct,  whether  by  the  central  solu- 
tion of  a  solid  ridge,  or  by  an  infolding  of  the  lining  of  the 
pi eu roper i tone al  cavity,  it  is  lined  by  cells  which  are  clearly 
mesoblnstic  in  origin,  not  hypoblastic  nor,  as  was  once  sug- 
gested, cpiblastic. 

The  case  of  Miiller's  duct  is  still  more  clear.  This  un- 
doubtedly arises  by  an  infolding  of  the  lining  of  the  pleuro- 
peritoneal  cavity.  Its  epithelium  is  distinctly  mesoblastic  in 
origin.  The  germinal  epithelium  which  gives  rise  to  the 
ovaries  is  also  essentially  mesoblastic. 

If  the  word  endothelium,  then,  be  taken  to  denote  an  epi- 
thelium derived  from  the  mesoblast,  it  must  be  extended  to 
include  the  epithelium  of  the  Wolffian  and  Mullerian  ducts, 
and  of  the  parts  which  are  formed  ultimately  out  of  those 
■  ructures.     But  if  these  be  included,  tb.e  ^litase  We^  ?Si\\a 
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prsctical  utility.  If  they  are  excluded,  all  the  little  mGauiiig 
it  ever  had  vanishes. 

It  may  he  urged  that  we  need  a  word  to  denote  the  epi- 
thelium which  is  found  in  the  vascular  and  lymphatic  spaces. 
There  does  not,  however,  appear  to  be  sufficient  reason  why 
the  same  term  should  be  applied  to  the  whole  of  this 
epithelium.  As  we  have  seen, its  common  raesoblastic  origin 
will  not  justify  this.  From  a  structural  point  of  view,  three 
distinct  varieties  may  be  recognised  in  it,  viz,  the  spindle- 
shaped  cells  of  the  hlood-vessels  and  larger  lymphatic  vessels, 
the  sinuous  cells  of  the  commencing  lymphatics  and  the 
polygonal  cells  of  the  large  serous  cavities.  The  fact  that 
the  epithelium  Of  the  peritonasum  is  continuous  with  that  of 
the  lymphatics  affords  no  argument  whatever  for  classing 
them  together.  We  find  continuity  everywhere.  The  epi- 
dermis is  continuous  with  the  alimentary  epithelium,  and  with 
the  urinary  and  generative  epithelium ;  and  the  generative  epi- 
thelium is  in  turn  continuous  with  the  peritoneal  epithelium. 
In  short,  there  is  no  reason  why  the  cells  spokeu  of  as  form- 
ing endothelium  should  have  a  common  title,  distinct  from 
the  general  term  epithelium. 

The  introduction  of  the  new  terra  is  really  a  step  backwards 
from  instead  of  an  advance  beyond  the  old  classification 
adopted  by  Dr.  Sharpey  in  Quain's  '  Elements  of  Anatomy.' 
He  divides  epithelium  either  physiologically  into  epidermic, 
mucous,  glandular,  vascular,  serous,  &c.,  or  structurally  into 
columnar,  spheroidal,  ciliated,  tesselated,  squamous,  &c. 

Surely  some  such  nomenclature  as  this  satisfies  all  require- 
ments, either  morphological  or  physiological,  at  least  for  the 
present, 

The  chief  morphological  importance,  as  far  as  our  know- 
ledge goes,  attaches  itself  to  the  question  from  which  of  the 
three  primary  layers  any  given  epithelium  is  derived,  whether 
from  epiblast,  hypoblast,  or  mesoblast;  and  it  is  precisely 
because  the  phrase  endothelium  is  in  this  respect  misleading 
that  its  use  is  so  undesirable.  Beyond  this,  it  is  diflScult  to 
see  any  morphological  interest,  unless  future  research  should 
show  that  in  the  common  mesoblast  there  are  factors  morpho- 
logically distinct.  When  that  is  clearly  shown,  it  will  be 
time  to  invent  new  terms  which  may  be  as  lasting  and  as 
valuable  as  ectoderm  and  entoderm. 

For  physiological  purposes  all  we  need  is  some  system  of 

phrases  which  shall  clearly  indicate  the  individual  characters 

and  the  arrangement  of  any  group  of  cells.     The  few  terms, 

"columnar"    or   "cylindrical"    and    "spheroidal,"    either 

^Jleiliated"  or  "non-ciliated,"   are  almost  all  we  want  f( 
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'  mucous  membranes  in  general.  The  word  "squamous" 
sufficiently  clearly  indicates  the  general  character  of  an 
opilhelium  made  up  of  flattened  cells  whicli  overlap,  as 
"  tesselated"  equally  clearly  signifies  an  epithelium  of  flat- 
tened cells  fitting  into  each  other  at  their  edges.  These 
are  general  distinctions.  Such  special  forms  as  the  sinuous 
cells  of  the  commencing  lymphatics  or  the  jagged  cells 
of  the  epidermis  do  not  need  any  distinctive  general  ap- 
pellation. 

We  perhaps   do   want   easy    terms   which   shall   denote 

whether  the  epithelium  in  any  spot  consists  of  several  layers, 

or  of  one  pronounced  layer  only.     The  latter  might  be  called 

monoderic  (Scpoc  =  otpiia),  the  former  polydertc. 

Epithelium  itself  would  simply  mean  cells  lining  a  cavity 

I  OT  coating  a  free  surface. 


«  Gasthaea-Theory,  the  Phyi,ogenetic  Ci^ssification 
of  the  Animal  Kingdom  and  the  Homology  of  the 
Germ-Lamell.s.  By  Ernst  Haeckel.  (Translated  hy 
E.  Perceval  Wright,  M.D.,  F.L.S.,  Sec.  B.I.A.", 
Professor  of  Botany,  Trin.  Coll.,  Dublin.    With  PI.  VII.) 

{Continued  from  p.  165.) 

, — The2_Systematic  Signification  of  the  Gastbaea 
Theory. 

The  following  conclusions  relating  to  the  natural  system 
of  the  animal  kingdom,  or,  what  is  the  same  thing,  to  its 
genealogical  tree,  result  from  the  foregoing  discussions, 
which  1  have  already  explained,  partly  in  the  '  Biology  of 
the  Calcareous  Sponges'  and  partly  in  the  fourth  edition  of 
the  'Naturliche  Schcipfungsgeschichte'  (in  the  eighteenth 
lecture).  The  whole  animal  kingdom  divides  into  two 
large  principal  groups,  the  gastrula  forming  the  separating 
boundary  line  between  them;  on  the  one  side  the  stem- 
group  of  the  primary  animals  (Protozoa) ;  on  the  other, 
the  six  higher  stem-groups  which  we  oppose  to  the  others 
as  animals  with  germ-lamellfe  (Melazoa  or  B!asto~oa). 
In  the  primary  animals  (the  Protozoa)  the  entire  body 
consists  either  (1)  of  a  simple  cytode  (Monera,  Monotha- 
lamia),  or  (2)  of  an  aggregate  of  cytodes  (Poly  thai  ami  a),  or 
(3)  of  a  simple  cell  (Amcebte,  unicellular  QregarinK,  Infn- 
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Boria),  or  (4)  of  an  aggregate  of  simple,  Hiinilar  cells  (poly" 
cellular  Gregarince,  S yn amoeba) ,  or,  lastly  (5),  those  where 
the  cells  of  the  body  may  even  be  differentiated  to  a  slight 
extent,  but  which  still  form  no  germ -lam  ell  ee,  and  enclose 
no  true  intestinal  cavities.  The  individuality  of  the  Protozoa 
always  remains  fixed  at  a  very  low  point ;  that  is,  they  either 
form  a  morphon  of  the  first  order,  a  simple  plastid  {a  cytode 
or  a  cell),  or  they  form,  at  most,  a  motphon  of  the  second 
order,  an  "  organ "  in  a  purely  morphological  sense,  an 
idorgan  (see  the  doctrine  of  individuality  in  the  '  Biology  of 
the  Calcareous  Sponges,"  p.  lOS,  &c.).  But  the  Protozoa 
never  raise  themselves  to  the  importance  of  a  morphon  of 
the  third  or  fourth  order,  a  Person  or  a  Stock  (in  the  sense 
defined  in  the  passage  quoted).  Just  as  a  true  intestine  (the 
first  and  oldest  organ  ot  the  germ-lamellar  animals)  is  want- 
ing in  the  Protozoa,  so  are  absent  also  all  the  differentiated 
systems  or  organs  which  we  find  in  the  former.  The 
Protozoa  have  no  nervous  system,  muscular  system,  vascular 
system,  dermal  system,  &c.  They  also  want  the  differen- 
tiated tissues. 

On  the  important  grounds  which  I  have  fully  developed 
in  the  second  volume  of  the  '  General  Morphology '  and  in 
my  '  Monograph  of  Monera,'  it  seems  to  Itc  a  real  advantage, 
especially  towards  the  comprehension  of  general  biology,  to 
separate  a  large  portion  of  the  so-called  Protozoa  from  the 
animalkingdom,  and  to  relegate  them  to  the  neutral  kingdom 
of  Protista,  intermediate  between  the  animal  and  vegetable 
kingdoms.  To  this  would  belong  part  of  the  Monera,  the 
Amo^boida,  and  Flagellata,  in  addition  to  the  Catallacta,  the 
Labyrinthulea,  the  Myxomyceta,  and  the  entire  class,  so  rich 
in  forms,  of  Rhizopoda,  with  all  its  different  divisions; 
Acyttaria,  Radiolaria,  &c.  All  these  Protista  are  to  be  re- 
garded as  independent  organic  stems  or  phyla,  which  do  not 
stand  in  any  kind  of  genealogical  connection  with  the  animal 
kingdom,  and  consequently  do  not  belong  to  its  natural  system. 
On  the  other  hand,  there  are  very  simple  organisms  which 
either  belong  to  the  actual  stem-forms  of  the  animal  kingdom, 
and  form  the  true  root  of  the  animal  genealogical  tree,  or 
represent  independent  offshoots  from  that  root,  as  well  as 
those  very  simple  organisms  which  display  an  undoubtedly 
animal  character  (as  the  Infusoria) ,  which  are  to  be  separated 
from  these  neutral  primary  forms  or  Protista  as  true  primary 
animals  or  Protozoa,  These  Monera  and  Amwba^  should 
be  regarded  as  true  primary  animals,  representing  the 
oldest  stem-forms  of  the  animal  kingdom,  and  I  have  classed 
these  in   the   fourth    edition  o?  t.\vc  StVo^^-an^s^est'm 
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as  egg-animals  (Ovukria),  because  they  possess  n  shape  cor- 
responding to  the  simplest  (nucleus-containing)  egg-cell  or 
the  egg-cytode  Cwithout  nucleus).  With  these  must  also  he 
reckoned  ihe  planula  representing  animal  forma  (I'lanieada), 
and,  finally,  the  Gregaiintc,  the  Acinetic,  and  the  true  ciliated 
Infusoria  (Ciliata), 

The  second  main  division  of  the  animal  kingdom  is  com- 
posed of  the  six  higher  stem-groups,  which  are  all  derived 
from  the  common  stem-form  of  the  Gastraea.  We  class  them 
together  as  germ-lamellar  animals,  Metazoa  (or  Blastozoa), 
or  animals  with  an  intestine  (Gastrozoa).  In  all  these  animals, 
from  the  sponges  up  to  the  Vertebrata,  the  body  always 
originally  develops  itself  from  two  primary  germ-lamellte,  the 
animal  exoderm,  and  the  vegetative  endoderm.  The  latter 
alwaysenclosesa  true  intestinal  cavity  with  a  mouth-opening.^ 
Therefore  the  body  has  the  form-value  of  a  morphon  of  the 
third  order,  a  true  person,  or  is  composed  of  several  persons, 
and  is  then  an  individual  form  of  the  fourth  order,  a 
stock  ('Biology  of  the  Calcareous  Sponges,'  p.  103,  &c.). 
All  these  germ-lamellar  animals  possess  at  least  two  different 
systems  of  organs,  namely,  the  dermal  system  (the  covering 
of  the  outer  germ-lamellee  with  its  derivatives)  and  the 
intestinal  system  (the  intestinal  outfolding  of  the  inner 
germ-lamella  with  its  derivatives). 

In  further  classifying  the  Metszoa,  we  may,  in  the  first 
place,  advantageously  make  use  of  three  different  principles  of 
division— 1.  The  want  or  possession  of  the  cmlom.  2.  The 
different  number  of  the  secondaiy  genn-lamellBe.  3.  'The 
radial  or  bilateral  fundamental  form. 

If  we  would  attach  a  principal  importance  to  the  cmlom 
and  the  vascular  or  blood  system  depending  upon  it,  then  the 
main  division  Metazoa  divides  next  into  two  distinct  gi-oups ; 
on  the  one  side  the  lower  germ-lamellar  animals  without 
ctplomor  hiemolymph;  Zoophyta  and  Acoelomi  (Plathehnin- 
thes] ;  on  the  other  the  higher  Metazoa  with  coelom  and  h^mo- 
lymph  ;  the  Coelomati  and  the  four  highest  groups  of  animals 
springing  from  these — Echinodeiinata,  Arthropoda,  Mollusca, 
and  Vertebrata  (ride  the  '  Biology  of  Calcareous  Sponges,' 
pp.  467,  468).  We  could  adopt  for  these  two  groups  the 
original  terms,  in  their  strictest  sense,  of  Aristotle,  Anajma 

'  The  few  animals  among  thii  Blastozoa  whicli  ore  without  ea  intestiae, 
the  Cestoda  and  AcantLocepbaltt,  cannot  be  con sidercd  here  us  an  exception, 
as  Ihey  have  apparently  lost  the  intestine  in  caiisequence  of  tlieir  parasilic 
LabilB,  and  otiginaQy  sprung  from  worms  provided  with  an  intestine.  This 
follows,  onquestionabiy,  from  their  comparative  anntomy  and  ontogeni'sis.— 
Fidt '  General  Morpliolo^,'  vol,  il,  p.  lxx». 
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and  EuiDina  (but  in  any  case  not  with  the  expressed  limits  of 
their  author).  Anseraa  or  true  "  bloodless"  Metazoa  are  the 
Zoophyta  and  Platbelminthes  (Acoclomi).  Enaema  or  true 
"blood  animals"  are,  on  the  other  hand,  the  Coelomati 
(worms  with  blood  and  ctelom),  and  the  four  highest  animal 
races  arising  from  these.  The  former  could  be  defined  as 
Anamaria  and  the  latter  as  Hamataria. 

The  attempt  to  employ  the  number  and  differentiation  of 
the  constituent  germ-lamellffi,  as  the  fundamental  principle 
of  division  for  the  main  groups  of  the  animal  kingdom,  has 
very  recently  been  twice  carried  out  in  different  ways  by 
Gustav  Jaeger  and  E.  Ray  Laiikester,  The  first  gives 
in  his  suggestive  'Manual  of  General  Zoology'  (1871)  a 
special  chapter  on  the  "  Principles  of  the  Layers  and  of  the 
Groups  of  Layers:  Stratograpby  of  the  Animal  Body," 
Jaeger  separates  here — 1.  Two-layered  animals  ("  the  lowest 
multicellular  animals"),  2,  Three-layered  animals  (Coelen- 
terata).  3,  Five-layered  animals  (Enterata  or  animals  with 
intestines ;  our  Bilateria,  the  five  higher  groups  of  animals). 
Praiseworthy  as  the  attempt  is,  to  apply  "  stratography"  in 
this  manner  to  animal  morphology,  it  must  yet  be  regarded 
as  misleading  in  details.  This  becomes  at  once  apparent 
by  comparing  Jaeger's  explanation  (especially  §§  55, 67)  with 
our  explanation  in  the  present  essay,  which  has  the  Gastraea- 
theory  for  its  basis.  Just  as  little  can  I  concur  in  details  with 
the  attempt  of  E.  R.  Lankestcr(loc.cit.,p.  325).  He  divides 
the  animal  kingdom  into — 1.  Homoblaslica,  without  dif- 
ferentiated germ-IamellEc  (Protozoa).  2.  Diploblastica  (with 
two  germ-TamellBe  {Ccel enterata).  3.  Tripoblastica,  with 
three  genn-lamellse  (the  five  higher  groups,  our  Bilateria). 

In  our  own  opinion,  if  a  man  wished  to  characterise  in  this 
way  the  main  groups  of  the  animal  kingdom  by  the  number  of 
the  germ-lamellBe,  he  would  do  much  belter  to  separate  them 
into  the  foUowingfour  orfive  sections: — 1.  Ablasteria:  Animals 
without  germ-lam  elite  {Protozoa),  2.  Diblaateria:  Auimals 
with  two  permanent  germ-lamella;  (GastraeadiS,  SpongitB,  and 
the  lowest  Aculepha) .  3.  Triblasteria :  Animals  with  three 
gerni-lamellffi  (the  bulk  of  the  Acalephte — Hydromeduaa, 
Clenophor/B,  Corals).  4.  Tetrablasteria :  Animals  with  four 
germ-lamellte  (cuticular  nervous  and  muscular  layers,  and 
intestinal  muscular  and  glandular  layers).  The  Bilateria,  or 
the  five  higher  groups  of  animals  collectively.  Among  these 
last  the  Acoslomi  (the  worms  without  body-cavity  or  blood, 
the  Platbelminthes)  would  represent  the  lower  condition  of 
development,  from  which  the  Cceloraati  (the  worms  with. 
body-cavity  and  blood)  have  6iA\jsei^ueut\'j  feNe\.f)i^>ii  thsi 
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e  shrinking  apart  of  tho  two  muscular  layers. 
The  four  highest  groups  of  animals,  the  Echinodermata, 
Arthropoda,  MoUusca,  .ind  Vertebrata,  are  diverging  descend- 
ants of  the  four  different  forms  of  Coiloraati.  It  is  not  diffi- 
cult to  derive  these  four  typical  phyla  from  the  common 
root-group  of  the  worms.  Their  comparative  anatomy  and 
ontogenesis  still  shows  us,  even  now,  that  they  have  near 
relatives  among  the  Ccelomati,  The  Annehda  lead  to  the 
Arthropoda  and  Echinodermata,  the  Bryozoa  (?)  to  the  Mol- 
luscn,  the  Tunicata  (Ascidia)  up  to  the  Vertebrata  (vide 
Lecture  18  in  the  '  Natiirliche  Schiipfungsgeschichte) .  If 
we  ivish  to  regard  the  coelom  (which  has  originated  by  sepa- 
ration of  the  animal  and  vegetative  muscular  layer)  and  the 
cells  which  belong  to  it  (ccelom-epithelia,  lymph-cells,  blood- 
cells)  in  Jaeger's  sense  as  representatives  of  a  special  fifth 
layer,  an  intermediate  fifth  germ-lamella,  we  should  have  to 
refer  the  Accelomi  only  (Plathelminthes),  and  perhaps  a 
portion  of  the  Acalephae,  to  the  Tetrahlasteria.  On  the  other 
hand,  all  the  animals  provided  with  a  coelom  (the  Ccelomati 
and  the  four  highest  groups  of  animals)  would  form  a  special 
fifth  main  group :  Pentahlasteria,  with  five  germ-lamelhc  or 
principal  layers  of  tissues: — 1,  Cuticular  nervous  layer.  2. 
Cuticular  muscular  layer.  3.  Coelom  layer,  or  lymph 
layer,  vascular  layer  in  a  modified  sense.  4,  Intestinal 
fibrous  layer.     5.  Intestinal  glandular  layer. 

An  arrangement  of  these  five  principal  groups  of  the  animal 
kingdom,  with  their  known  and  generally  accepted  "  tyiTcs," 
would  yield  the  following  results : 


Protozoa 
i  Zooplijta 
f  Vermes 


Protozoa. 


Metazoa. 


»1  Ablaateria  ...  1  Protozoa 
«»'-•»■  ■  •  '{^SS:'": 
3  Triblaateria  .  .  3  Ac^tlephie  . 
i  Tetniblaateria .  .  i  Acrulomi  . 
'Ccelomati  . 
MoUusca  .  A 
5  Peatablasteria  .  5-/ Echinodermata  (m,„„,„„ 
lArtliropoda  JTjpozofl. 
Vertebrata'.  J 
However  attractive  it  may  appear  to  us  from  a  phylogenetic 
point  of  view,  to  employ  the  number  and  difi'erentiation  of  the 
germ-lamellse  in  this  manner  as  a  basis  for  the  classification 
of  the  animal  kingdom,  yet  on  a  closer  examination  important 
obstacles  present  themselves,  which  do  not  justify  the  strict 
eariying  out  of  this  principle  of  division.  Independently  of 
the  (act  that  wc  do  not  yet  know  the  ontogenesis  of  many 
animals  (especially  of  the  lower  orders)  at  all  sufficiently, 
'j*re  are  intermediate  Iptmaitional  forms  between  the  f 
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groups  mentioned,  which  admit  of  no  Eharp  divisioiij  affl^^ 
moreover,  cases  occur  in  the  lower  phyla  of  the  Melazoa,  in 
■which  nearly  related  forms  of  one  stock  must  be  placed 
in  different  groups  of  Blasteria.  Although  most  of  the 
AcalephiB  (HydromednsEe,  Ctenophoiio,  Corals)  are  probably 
blasteria,  yet  Diblasteria  are  among  their  lower  forms 
(Hydra),  and  probably  many  Tetrablasteria  are  among  their 
higher  forms.  Among  the  Acoelomi  fPlathelmiuthes)  pro- 
bably many  Triblasteria,  or  even  Diblasteria,  may  be  found 
among  the  predominating  Tetrablasteria  forms ;  and  so  in 
other  cases. 

On  these  and  other  grounds  it  appears  much  more  preferable 
to  employ  only  characters  drawn  from  tbc  phylogenesis  of  the 
Metazoa  as  the  leading  principle  for  their  further  division,  in 
which  the  stereometric  (radial  or  bilateral)  essential  form  of 
the  parts  of  the  body  plays  a  decisive  part.  The  further 
development  of  the  gastrula  here  appears  next  defined. 
Following  this  I  have  abeady  arrived  at  the  opinion  (in  the 
'  Biology  of  Calcareous  Sponges ')  that  the  descendants  of 
the  Gastraea,  as  the  common  root-form  of  all  the  Metazoa, 
subsequently  divided  into  two  brauches,  the  Pro tascus,  which 
is  to  be  regarded  as  the  root-form  of  all  theZoophyta,  and  the 
Prothelmis,  which  is  to  be  regarded  as  the  common  root-form 
of  all  the  five  higher  groups  of  animals.  The  division  of 
these  two  principal  brauches  Js  quite  mechanically  dependent 
on  the  two  different  modes  of  life  to  which  the  desceudentaof 
the  monaxial  (neither  "  radiate"  nor  "  bilateral^')  Gastraea  first 
adapted  themselves.  The  one  group  resigned  the  freely 
moving  habits  of  the  swimming  Gastraea,  attached  itself  by 
the  pole  of  the  axis  of  its  body  opposite  to  its  mouth,  and 
then  developed  eo  ipso  further  into  the  so-called  "  radiate  type" 
(Zoophyta).  The  other  group  of  the  descendant  of  the 
Gastraea  retained  the  power  of  moving  freely  from  place  to 
place,  proceeded  from  the  swimming  method  of  moving  to 
creeping  on  the  sea-bottom,  and  developed  eo  ipso  into  the 
so-called  "  bilateral  type  "  (the  five  higher  groups  of  animals. 
Vermes  and  Typozoa).  I  therefore  regard  only  on  the  one 
side  the  fixed  habits  of  life  in  the  root-form  of  the  Zoophyta 
(Protascus)  as  the  mechanical  "  acting  cause  "  of  their  radiate 
type,  or,  more  correctly  expressed,  of  their  actinote  (regularly 
pyramidalj  essential  form ;  and,  on  the  other  side,  the  creep- 
ing habits  of  life  in  the  root-form  of  the  worms  (Prothelmis) 
as  the  mechanical  causa  efficiens  of  its  bilateral  type,  or,  more 
correctly  expressed,  of  its  dipleural  (amphithect-pyramidal) 
fiindaniental  form.  This  has  been  inherited  from  the  worms 
by  the  tbnr  Jiiglifst  stem-gioups  oi  ftramaXs.  ^h 
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On  the  ground  of  this  pliylogenelic  consideration  we  can 
class  together  the  whole  of  the  originally  bihitcral  descendants 
of  the  Gastraea  (the  snccessors  of  Pcothelmis)  in  a  natural 
main  group,  -vvhicU  wc  ivill  briefly  designate  Bilateria  or 
Sphenota("  wedge -animals,"  on  account  of  their  wedge-shaped 
essential  form  in  the  sense  of  Bronn).  This  group  includes 
all  the  womis  and  the  four  highest  groups  of  aniniala  derived 
from  them  ;  the  Mollusca,  Echiuoderniata,  Arthrojjoda,  and 
Vcrtebrat;!.' 


6.  Signification  of  thb  GASTHAiSA-TfiEoitY  in-  eespect 

TO    THK    HoilOl-OCY    OF   TvpES. 

By  comparing  the  gcrm-lamcllfe  in  the  differcitt  gi-oups  of 
animals  we  arc  led  to  the  important  question,  how  far  the 
organs  and  systems  of  organs  in  general  are  capable  of  a 
morphological  comparison  in  the  scveu  phjla  of  the  auimal 
kingdom,  and  how  f'itr  a  true  homoJogy  in  the  strictest  sense 
(i,  e.  homophyiy)  is  to  be  earned  out  between  ibem?  Those 
who  maintain  Baer's  and  Cuviev's  doctrine  of  types  in  its 
original  rigid  sense,  and  considnr  all  the  types  of  the  animal 
kingdom  as  perfectly  separated  morphological  units,  must 
naturally  answer  this  question  generally  in  the  negative. 
Those,  on  the  othei'  hand,  who  regard  the  theory  of  types  in 
the  light  of  the  theory  of  descent,  and  those  who  admit  tlic 
modification  of  it,  which  we  have  attempted  here  by  the 
Gastraea-theory,  as  well  as  the  generalisation  of  the  germ- 
lamellte  theory  which  depends  upon  it,  must,  to  a  certain 
extent,  agree  to  such  a  morphological  comparison.  In  fact, 
Gegenbaur^  has  recently  expressed  himself  in  this  sense, 
and  Kowalevsky^  also  in  his  latest  work. 

Although  this  question  about  the  homologies  of  the  groups 
of  animals  is  extremely  important  and  interesting  for  com- 
parative anatomy  and  phylogenesis,  yet  its  positive  solution 
seems   difficult    and   entangled   in    the    present    imperfect 

'  Id  all  tlie  Ycrtebrata,  Annulosa,  !mil  Hnllusca,  the  dipleuial  av  bilateral 
tsseutial  form  is  just  us  uadisputed  as  in  Ihc  Vcrnica.  But  tim  mot-furni 
of  Llie  Ecliiaoiicviiiata  possesses  also  the  sameruudnmcntalfitrm.  According 
to  our  theoiT  of  Ecliinoderniata  ^e  consider  as  sucli  tke  nrlicululed  worm- 
persoD  wliicu  lias  still  preserrcil  most  of  its  lu dependence  in  Ihc  "Ann"  of 
the  Astericia,  The  radiate  form  of  the  develnpcd  spociiiieus  of  JDcliiiioder- 
mata  (star-ahaped  Cornii,  composed  of  Sts  or  more  Persons),  therefore  forms 
just  as  little  of  an  elijectioii  aa  the  radinte  form  of  specimens  of  the  SjnnE- 
cidian  atoct  (Botrjllus). 

'  Gegenbttur,  '  Grundzii^e  der  vcrgl.  Anatoniie,'  ed.  S,  p.  83. 

'  KowalcTsky, '  Embrjoiogische  Studjen  an  WiirniKn  unil  Arthropodcn, 
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condition  of  morphology.  I  therefore  lay  no  more  stress  on 
the  following  explanation  than  that  of  a  provisional  attempt. 
The  phylon  of  the  Protozoa  is  natnrally  entirely  excluded 
from  this  consideration,  as,  according  to  our  previously  ex- 
pressed opinion,  no  animal  of  this  root-group  rises  to  the 
formation  of  germ-laniellaj,  and  therefore  the  organs  de- 
veloped from  the  latter  are  also  completely  absent  in  the 
Protozoa.  We  therefore,  for  instance,  consider  any  morpho- 
logical comparison  of  any  part  of  the  body  of  an  infusorium 
with  an  apparently  representative  (and  physiologically, 
perhaps,  equally  important,  and  therefore  analogous)  portion 
of  a  germ-lamellar  animal  as  quite  inadmissible.  As  I  have 
already  shown  in  an  essay  "On  the  Morphology  of  the 
Infusoria,"  the  intestine  of  the  Ciliata  can,  for  instance,  be 
looked  npou  as  such  and  compared  with  the  intestine  of  the 
Metazoa.  But  in  a  morphological  aspect  these  parts  cannot 
generally  be  compared  at  all.  The  intestine  of  the  Ciliata  is 
but  a  portion  of  a  single  highly  differentiated  cell;  the  in- 
testine of  the  Metazoa  is  a  cavity  enclosed  by  the  many-celled 
inner  germ-lamellie.  Homologies  can  only  exist  between 
the  six  stem-groups  of  the  Metazoa,  which  are  all  derived 
from  the  Gastraea. 

As  the  most  certain  and  universal  homology  which  is 
applicable  throughout  the  whole  series  of  Metazoa  (from  the 
sponges  to  the  vertebrates),  we  may  take  the  comparison  of 
those  organs  which  are  already  differentiated  in  the  simplest 
Metazoa  (the  Gastraeada  and  the  lowest  sponges),  and  which 
persist  in  them  throughout  their  lives  in  their  simplest  con- 
dition ;  that  is,  firstly,  the  primitive  intestinal  canal  with  its 
epithelium  (the  intestinal  glandular  layer,  the  entoderm  of 
the  gastrula) ;  and,  secondly,  the  most  superficial  covering 
of  the  body  (the  cuticular  layer  or  the  epidermis,  the  exo- 
derm  of  the  gastrula).  With  reference  to  this  latter,  it  is 
expressly  to  be  noticed  that,  indeed,  the  originally  complete 
homology  of  the  epidermis  in  the  six  phyla  of  the  Metazoa 
may  be  unsatisfactory  and  frequently  disturbed,  in  conse- 
quence of  earlier  commenced  cuticular  processes,  by  which 
the  original  outer  epidermis  layer  is  changed  or  stripped  off 
into  a  transitory  embryonal  covering  (as  in  Hydra,  Kleinen- 
berg),  but  that  none  the  less  the  epidermis  constantly  retains 
at  least  a  layer  of  cells,  and  serves  as  a  foundation  for  the 
others,  consequently  the  epidermis,  as  a  whole,  and  as  a 
derivative  of  the  simple  exoderm  of  the  gastrula,  is  homo- 
logous in  all  the  six  stem-groups  of  the  Metazoa.^ 
'  The  formation  of  many  embryonal  coverings,  which  arise  oi 
fro/o(ieuppcrniOit  germ  lamella  (tlieUotnjU^BiV^^^t^i?*  to  he'espli 
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■fi  The  question  of  the  homology  of  the  central  uervoua  system 
is  much  more  difficult.  This  has,  doubtless,  arisen  from  the 
exoderm  in  all  six  stem-groups  of  the  Metazoa,  but  the  central 
nervous  system  of  the  zoophytes  has  certainly  arisen  inde- 
pendently of  that  of  the  worms,  and  is  in  no  lespect  to  be 
compared  to  it.  On  the  other  hand,  the  simplest  formof  t!ie 
central  nervous  system,  ivhich  is  found  in  the  worms,  espe- 
cially the  simple  pair  of  gangHa  lying  over  the  oesophagus,  the 
so-called  upper  pair  of  ganglia  or  primitive  brain,  is  to  be 
regarded  as  homologous,  firstly,  in  all  classes  of  the  group  of 
iTorma,  and,  secondly,  is  to  be  compared  also  to  the  corre- 
sponding parts  in  the  MoUusca  and  Arthropoda,  as  well  as  to 
the  original  medullary  tube  of  the  Verteb rata  (from  which  the 
brain  of  the  latter  is  only  the  furthest  differentiated  division^). 
This  original  central  organ  has  been  lost  in  the  E  chin  ode  rmata, 
and  their  oesophageal  ring  is  only  a  secondary  commissure 
between  the  five  radial  nervous  threads,  which  appear  in  the 
Asterida  in  their  most  oiigioal  form.  Each  of  these  five  radial 
threads  of  the  Echinodermata  is  homologous  to  the  jointed  ven- 
tral cord  of  the  Annelida  and  Arthropoda.  It  is  necessary  to 
accept  the  correctness  of  my  theoiT  of  the  origin  of  the 
Echinodermata  for  the  conception  of  this  apparently  para- 
doxical comparison,  according  to  which  the  root-form  of  the 
phylon  of  the  form  of  the  Asterida  is  to  be  regarded  as  a. 
stem  composed  of  five-jointed  worms  united  into  a  star-shape. 
This  theory  bas,  indeed,  been  rejected  by  Claus,  Lcuckart, 
Semper,  and  others,  but  without  their  putting  any  other 

phjlogenetieally  hj  nioiiitings  (or  "Mnusarungen")  wliicli  the  anncators  of 
[be  organism  in  question  Iibvd  aulTered  in  earlier  periods  of  tlio  curtli's 
history.  So  is,  especially,  to  be  explained  tbe  larval  farm  of  man;  of  tlio 
higher  Crustacea,  which  origiaaies  witliia  the  egg-shell,  and  is  fiself  fre- 
quently changed,  upon  repeated  mouitings  of  tbe  rooL-fonii  uf  liie  Cruatacua, 
the  Naupliu9,  and  otherold  root -forms  which  bave  arisen  from  thiii,  (Com- 
pare the  statements  and  explanalions  relating  to  this  in  the  detailed  works 
of  Erjtz  Miiller,  Edouard  von  Beiieden,  A.  Dohrn,  &e.)  'I'liis  i,t,  perhapa, 
also  Ibe  explanation  of  tbe  so-called  Amnion  in  many  animals.  On  llicotlier 
liaiid,  the  amnion  of  the  verlebi'ata  is  certainly  of  a  diCereiit  oj'i;:iii.  As  fur 
tbe  special  homology  of  this  amuiou  in  Vertebrata  sad  Arthropoda,  as  mniii- 
taiiied  by  Eowalevskv  and  others,  it  is  already  contradicted,  intlcpendeitlly 
of  otbcr  reasons,  by  the  fact  that  the  amnion  only  occurs  in  tiic  three  higiier 
•Masses  of  Yertehrata  [Amniata].  Tliis  lias,  tliercfore,  apparently  liist 
developed  itself  here,  during  Lheori^inatiou  of  the  root-form  of  the  Amnitita 
from  the  Auipliibia,  and  is  entirEly  unoonneetad  with  the  amtiiou  of  the 
-irtbropoda.  The  latter  is  only  analogous  (and  homoaiorpliuiis)  to  the 
former,  but  not  truly  homologous  (lioraophyloua). 

'  The  spiual  Toarrow  of  the  VerLehnita,  and  the  ventral  nervous  oorJ  of 
the  Aonulosa,  ore  of  course  not  aualoguus  from  this  point  of  view,  and  thuse 
canjust  as  little  be  compared  as  the  sympathetic  marginal  cord  of  the  former 
~ilt  the  TCDtial  nervous  cord  of  the  ktter. 
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natural  theory  in  its  place,  and  without  their  having  made 
any  attempt  to  explain  the  origin  of  the  Echinodermata.  On 
the  other  hand,  my  theory,  which  fully  explains  its  origin, 
has  received  the  full  sanction  of  two  zoologists  ofthefirstrank 
upon  whose  judgment  I  lay  the  greatest  weight,  Gegeubaur 
and  M.  Sars  (senior),  the  last  recognised  as  one  of  the  natu- 
ralists most  thoroughly  acquainted  with  the  Echinodermata,' 

The  organs  of  sense  of  the  different  groups  of  animals  are 
for  the  most  part  (perhaps  entirely,  with  the  exception  of  the 
akin  as  the  organ  of  touch)  not  homologous ;  moreover,  the 
homology  is  often  not  to  be  proved  even  within  one  of  these 
groups,  or  is  even  positively  negatived  within  a  given  class,  as, 
for  instance,  in  the  organs  of  hearing  of  different  insects.  All 
point  to  these  as  of  polyphyletic  origin,  and  as  having 
originated  at  different  times  from  different  portions  of  the 
upper  germ-lametlffi.  This  manifoldly  different  and  inde- 
pendent origin  of  the  organs  of  sense  is  also  very  well  con- 
ceivable pliylogenelically. 

The  primordial  kidneys  have  probably  also  originated  from 
the  upper  germ-lamella,  and  these  organs  are  probably  homo- 
logous in  all.  the  Bilateria  (in  all  the  members  of  the  five 
higher  animal  groups).  The  simplest  fonn  would  be  repre- 
sented by  the  so-called  "  excretory  organs "  or  "  water- 
vascular  system  "  of  the  Plathelminthes,  which  are  originally 
nothing  more  than  strongly  developed  tube-shaped  dermal 
glands  (like  the  sweat-glands).  Comparative  anatomy  will 
perhaps  later  he  in  a  position  to  prove  that  these  primary 
kidneys  of  the  unarticulated  Plathelminthes,  which  reappear 
in  each  metamer  of  the  articulated  Vermes  as  so-called 
looped  canals  or  segmental  organs,  have  given  rise  both  to 
the  kidneys  of  the  MoUusca  and  to  the  primary  kidneys  of 
the  Vertebrata.^    Gegenbaur  has  already  proved  the  homo- 

'  The  origin  of  llie  central  nervous  Bystem  from  the  original  onter  lajer  of 
the  badj  of  tlie  animal,  llic  horny  layer,  is  one  of  the  most  atrikiiif;  examples 
of  tlic  value  of  Ibc  plijlogenetic  view,  and  its  siguilication  for  tlie  compre- 
hension of  the  ontogenetic  process.  Hitherto  tliia  origination  of  the  "  in- 
ternal" nervona  system  from  the  onter  germ -lam  ell »  has  been  almost 
univcraallj  considered  wonderfnl  and  paradoxical.  But  as  sooa  as  the  pro- 
blem is  thus  stated :  "  How  can  the  nervons  system  generally  have  originated 
at  first  (phyletioally)  ?"  only  the  one  aDswer,  after  ripe  reflection,  will  be 
giveti  to  it :  "  From  the  most  sunerflcial  parts  of  the  body,  which  were  con- 
stantly in  communication  with  the  onter  world."  Only  from  this  constant 
communication  could  the  first  "sensation"  develop  itself.  The  nervona 
sjB tern  has  then  withdrawn  itself  secondarily  into  the  protected  interior  of 
the  body,  "  separated  from  the  horny  layer."  I  do  not  consider  the  idea  of 
B.  special  "nervons  layer,"  which  many  embrjologista  separate  from  the 
cuticular  sensitive  layer,  to  be  cenfirmea. 

'  lit  Ampliioxna  the  broad  caual  diacavered  b;  von  Hathke,  a 
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logy  of  the  "  shell-glands  "  of  the  lower  Crustacea  among  the 
Arthropoda  (and  the  "  green  glands  "  of  the  Decapoda)  with 
the  primary  kidneys  of  the  Vermes.  The  Tracheata  have 
quite  lost  this  excretory  organ,  and  the  Malpighian  tubes 
of  the  intestinal  canal  have  tidten  its  place.  If  we  regard 
the  primary  kidneys  as  originally  (phylogenetically)  in 
this  manner  separated  skin-glands,  it  also  explains  their 
originally  superficial  position  in  the  vertebrate  embryo, 
They  are  here  undoubtedly  derived  from  the  upper  genn- 
lamellEe,  either  directly  from  the  horny  layer  or  indirectly 
from  cells  of  the  "  axial  cord,"  which  have  passed  from  the 
horny  layer  into  the  dermal  fibioua  layer. 

The  dermal  muscular  layer,  or  the  dermal  fibrous  layer 
(the  "  flesh-layer  "  of  Baer,  the  dermal  layers  and  primary 
vertebrate  layers  of  Remak),  is,  as  a  whole,  in  its  original 
simple  commencement,  probably  homologous  in  all  the  six 
branches  of  the  Metazoa,  or  certainly,  at  least,  in  the  five 
phylee  of  the  Bilateria.  It  has  probably  originated  in  the 
Vermes,  as  well  as  in  the  Zoophyta  (Hydra,  &c.),  from  the 
upper  germ-lamellse,  and  has  been  inherited  from  the  Vermes 
by  the  four  higher  groups  of  animals.  The  corium  and  the 
muscular  dermal  sheath  are  to  be  regarded  as  the  two  earliest 
products  of  its  subdivision ;  both  are  perhaps  of  the  same 
origin,  and  therefore  homologous  within  the  five  higher 
phylfie  (the  Bilateria).  The  muscles  of  the  trunk  of  the 
Vertebrata  also  proceed  from  this  layer. 

On  the  other  hand,  the  skeleton  system  in  the  different 
groups  of  animals  is  not  homologous.  Both  the  internal 
skeleton  formations  of  the  Zoophytes,  as  well  as  those  of  the 
Echinodermata  and  the  Vertebrata,  are  entirely  diff'erent 
formations,  peculiar  to  each  phylon,  although  all  three 
appear  to  originate  from  the  dermal  fibrous  layer. 

The  external  skeleton  of  the  Vermes  and  Arthropoda, 
which  is  only  a  chitinised  differentiation  of  the  epidermis 
(the  so-called  hypodermis  or  chitinogen  membrane),  as  well 
as  the  calcareous  shells  of  the  MoUusca  (also  exudations  from 

described  by  J.  Miiiler,  wliioh  runa  on  eacli  side  in  the  folds  ot  tlie  skin  of 
tiiB  ventral  surface  (immediately  at  the  outer  aarface  o(  the  ae^cual  glands), 
and  vhich  opens  externall;  beuind  on  bobb  sides  of  tlie  Porus  abdomiiialU, 
is  perhaps  to  bocoosidered  as  a  bomob^e,  or  as  a  rudiment  of  the  origiDal 

frimarj'  kidneys.  (A.  Bucoad  further  opening  in  tlie  montli-caTlty  is  pro- 
loraatlcal.)  If  the  comparison  ot  this  dermal  canal  of  AmpliioxuB  (lig.  40, 
PI.  I,  of  J.  JIiil1ei''s  work)  with  tlie  primary  kidneys  of  the  Vertebrata, 
and  with  tlie  siinilar  excretory  organs  of  the  Vermes,  were  correct,  this 
would  establish  a  very  iiiteresting  connection  between  the  two  latter  seta  of 
organs,      '        " 


m. 


and  would  at  the  same  time  explain  the  origin  of  the  passage  of  the 
kidneys  in  the  Vertebrata  from  tlie  outer  germ  Umelk, 
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the  epidermis),  do  not  come  under  consideration  here 
at  all. 

The  c(Klom  or  the  body-cavity,  the  original  "  pleuvo-peri- 
toneal  cavity,"  which  is  entirely  absent  in  the  Protozoa,  Zoo- 
phyta  and  Accelomi  (Plathelminthes),  is  certainly  homolo- 
gous in  the  Ccelomaia,  and  in  the  four  higher  stem-groups  of 
animals.  It  originates  eyerywhere  as  a  slit  between  the  two 
muscular  layers,  and  has  apparently  descended  from  the 
Ccelomati,  the  worms  with  blood,  to  the  four  higher  groups 
of  animals.  However,  this  homology  is  not  to  be  established 
by  comparison  with  the  cavity  of  segmentation,  from  which 
Kowalevsky  makes  the  ccelora  proceed  (comp.  above,  p.  165), 
The  ccelom  is  originally  filled  with  a  fluid,  which,  on  account 
of  its  varying  characters,  can  be  defined  as  htemolymph  or 
haemochyle.  But  in  the  hij^her  worms  this  nutrilivc  fluid  is 
already  difl'erentia ted  into  two  different  constituents,  into  the 
colourless  chyle  or  lymph  which  fills  the  body-cavity,  and 
into  the  coloured  blood,  whicli  circulates  in  the  closed  vas- 
cular system.  This  dificreutiation  also  recurs  in  the 
Vertebrata. 

The  intestinal  muscular  layer,  or  the  intestinal  fibrous  layer 
(the  "  vascular  layer"  of  Baer,  the  intestinal  fibrous  layer 
and  middle  layer  of  Remak),  appears  to  be  entirely  absent 
in  part  of  the  class  Zoophyta  (in  the  sponges  and  the  lowest 
Acalcpbte),  and  to  develop  itself  in  a  peculiar  form  in  another 
part  (in  the  higher  AcalephEe). 

In  the  Acoelomi  it  already  begins  to  shape  itself  out  as 
the  "intestinal  muscular  sheath,"  and  has  descended  from 
these  to  the  liigher  worms  (the  Ccelomati) ,  and  from  the  latter 
to  the  four  higher  stem-groups  of  animals.  There  is  nothing 
in  the  way  of  our  recognising  a  universal  homology  in  tliis 
within  these  five  groups  of  animals  {the  Bilateria), 

The  vascular  system,  which,  as  a  whole,  has  developed 
itself  in  connection  with  the  cielom,  is,  therefore,  also  to  be 
compared  within  the  five  higher  stem-groups  of  animals ;  but 
the  question  as  to  how  far  its  separate  parts,  and  especially  the 
heart,  are  homologous,  is  very  diiEciilt  to  decide.  Accord- 
ing to  the  sharp-sighted  comparison  of  Gegenbaur,  the 
heart  of  the  Arthropoda  and  Mollusca  is  originally  homolo- 
gous to  a  section  of  the  dorsal  main  vascular  stem  of  the 
Vermes,  while  the  heart  of  the  Aacidia  and  Veitebrata  is 
homologous  to  a  section  of  the  ventral  stem. 

The  intestinal  glandular  layer,  which  remains  constant  as 
the  epithelial  outer  covering  of  the  intestinal  canal  and  its 
glandular  appendages,  is  certainly,  throughout  the  whole 
aaimai  kingdom   (only  excepting  the  Protozoa),    from  the 
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Sponges  to  tlie  vertebrata,  everywhere  homologous,  and  every- 
■where  is  derived  directly  from  the  entoderm  of  the  gastrula. 
'X'o  be  sorej  Kowalevsky  has  lately  arrived  at  the  opinion 
that  the  intestinal  glandular  layer  of  insects  forms  an  excep- 
tion, and  is  much  rather  to  be  regarded  as  a  special  new 
formation  sui  generis  (' Embryo  log  ische  Studien  an  Wiir- 
iiiern,'  1871,  p,  58).  This  view  seeme  to  me  untenable.  If 
any  organ  can  be  homologous  in  all  six  phyla  of  the  Metazoa, 
it  is  certainly  the  intestinal  canal,  with  its  outer  covering 
epithelium,  the  intestinal  glandular  layer.  On  the  other 
liand,  the  question  of  the  homology  of  the  openings  of  the 
intestine,  the  mouth,  and  auus,  is  at  present  still  quite  ob- 
scure, and  so  much  only  is  certain  that  the  opening  of  the 
mouth  is  not  always  the  same.  The  original  oral  opening 
of  the  gastrula,  the  rudimentary  mouth  or  the  Prostoma, 
seems  only  to  have  descended  to  the  Zoophyta,  and,  per- 
haps, to  a  part  of  the  Vermes.  It,  nevertheless,  seems  to 
reappear  in  the  Rusconian  anus  of  the  Vertebrata.     On  the 

|«ther  band,  the  oral  openings  of  the  Vertebrata,  the  Arthro- 
^da,  and  the  Echinodermata,  are  peculiar  new  formations, 
wnd  certainly  not  homologous  with  the  rudimentary  mouth. 
I  7.  The  Phvlogenetic  Signification  of  the  Onto- 
I  GENETIC  SoCCESaiON  OF  THE  SYSTEMS  OF  OrgANS. 
The  regularly  graduated  series  in  which  the  system  of  organs 
appear  one  after  another  in  the  different  groups  of  animals 
during  ontogenesis,  furnishes  us  with  a  sure  key,  according 
to  the  biogenetic  principle,  to  the  historical  series  in  which 
the  animal  systems  of  organs  have  developed  themselves  after 
each  other  and  from  each  other,  during  the  long  and  slow 
course  of  the  organic  history  of  the  earth.  This  palaeonto- 
log^cal  seniority  of  the  systems  of  organs,  as  it  is  empiri- 
cally found  a  posteriori  from  the  facts  of  ontogenesis,  com- 
pletely anticipates  on  the  whole  the  demonstrations  which 
could  be  farmed  on  the  subject  d  priori  by  physiological 
reflection  and  by  philosophical  consideration  of  forces  at  work 
(Causal-Momente). 

In  the  first  place,  it  follows  from  the  comparison  of  the 
Gastrula,  and  of  the  bilamellar  cell- condition  which  represents 
It  in  the  most  dissimilar  groups  of  animals,  that  two  primary 
systems  of  organs,  the  inner  intestinal  system,  and  the  outer 
tegumentary  system,  are  simultaneously  differentia  led  in 
the  first  series,  in  the  oldest  Metazoa,  the  Gastracada.  The 
original  and  perfectly  simple  stomachic  cavity  or  primary 
intestine  of  the  Gastraea  is,  indeed,  the  oldest  organ  of  the 
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body  of  the  Metiizoa;  but,  simultaneously  with  its  origin, 
has  proceeded  the  separating  of  the  two  cell-layers  of  its 
wall,  the  inner  nouriBhiug  epithelia  (the  gastral  lamella  or 
entoderm),  and  the  outer  investing  epithelia  (the  dermal 
lamellte  or  exoderm). 

In  the  second  line  of  succeasion  the  elements  of  the 
skeleton-system  (in  the  majority  of  the  Metaiwa?)  formed 
themselves,  and  this  in  the  layer  of  the  exoderm,  as  the 
sponges  teach  us.  Although  in  the  sponges  the  two  pri- 
mordial germ-laraellse  have  (universally  ?)  remained  constant 
in  their  original  simplicity,  and  no  third  germ-lamella  has 
developed  itself  from  them,  yet  in  the  thickened  exoderm  of 
many  of  them  we  find  present  a  very  complicated  and  ex- 
tensively differentiated  skeleton- system.  Indeed,  already  the 
Protozoa  have  very  generally  formed  skeleton-par  Is  botti  for 
protection  and  support.  It  is  unnecessary  to  mention  in 
addition  that  the  skeleton -system  in  the  different  groups  of 
animals  is  of  different  epochs  and  of  phylogenetic  origin. 

In  the  third  line  of  succession  the  nervous  and  muscular 
systems  develop  themselves  simultaneously.  The  beautiful 
investigations  of  Kleinenberg  on  the  ontogenesis  of  Hydra' 
have  informed  us  of  the  simultaneous  origin  of  these  two 
systems  of  orgnns  which  here  exist  in  the  most  intimate 
reciprocity.  The  highly  interesting  n  euro -muscular  system 
of  the  Hydra  is  placed  immediately  before  our  eyes  in  statu 
naecenli.  The  n euro-muscular  cells  developed  from  the 
exoderm  of  the  Hydra  show  us  the  functions  of  both  still 
united  in  a  single  individual  of  the  first  order.  The  two 
systems  of  organs  first  appear  independent  and  opposed  to 
each  other,  through  a  separation  and  a  division  of  labour 
into  nerve-cells  and  muscle-cells.  True  muscles,  in  the 
strictest  sense  of  the  term,  therefore,  occur  first  in  those 
animals  in  which  true  nerves  also  appear,  and  vice  perg^. 
As  the  Acalephse  show  us,  only  the  dermal  or  parietal  neuro- 
muscular system  has  originated  at  first  from  the  outer  germ- 
lamellse.  The  gastral  or  visceral  neuro- muscular  system 
(intestinal  muscles  and  nerves)  has  probably  originated  in- 
dependently in  a  perfectly  analogous  manner  from  the  intes- 
tinal glandular  lamellie.  Hitherto  nothing  has  been  said 
against  the  view  that  the  visceral  nervous  system  has  arisen 
independently  of  the  parietal ;  the  former  is  just  as  much  in 
connection  with  the  intestinal  muscular  layer  as  the  latter 
with  the  dermal  muscular  layer. 

In  the  fourth  line  of  succession  the  kidney  or  excretory 
'  An  account  of  thi-se  investigation  a  h  given  by  Prof.  Allman  in  tlie 
J^afiuaiy  number  of  this  Journal. — Ed. 
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system  has  developed  itself,  the  physiological  signification  of 
-which  to  the  animal  organism  in  general  is  greater  than  that 
of  the  younger  blood-vascular  system  and  the  coslom  which 
is  connected  with  it.  This  opinion  is  confirmed  by  the 
Platbelminthes,  which  still  possesa  no  coelora  and  blood- 
system,  but  perhaps  possess  rudimentary  kidneys  {excretory 
canals),  and  also  by  their  universal  occurrence  throughout 
the  whole  animal  series,  and,  lastly,  especially  by  the  early 
appearance  of  the  "  primary  kidneys  "  in  (he  embryo.  All 
which  shows  that  we  have  here  to  do  with  a  very  old  and 
important  arrangement  of  organization,  which  already  existed 
iu  the  Acoslomi  before  the  formation  of  the  blood-system  and 
the  ccelom,  and  has  descended  from  thence  to  the  higher 
groups  of  animals. 

In  the  fifth  line  of  succession  ihe  blood- vascular  system 
and  the  ccelom  developed  themselves  first  after  the  kidney 
system.  We  have  already  shown  that  these  two  parts  stand 
iu  inseparable  connection,  and  that  the  true  body-cavity  or 
the  ccelom  is  to  be  considered  as  precisely  the  first  commence- 
xnent  of  the  vascular  system.  After  the  commencement  of 
the  development  of  the  intestinal  fibrous  layer,  by  its  de- 
tachment fi'om  the  adherent  dermal  fibrous  layer,  a  cavity  is 
£rst  formed  between  these  two  muscular  layers,  which  fills 
with  the  chyle  which  has  transuded  through  the  intestinal 
wall.  This  was  the  coelom  in  its  simplest  form,  and  this 
hiemochylic- system  or  primordial  primitive  blood-system  has 
subsequently  become  differentiated  into  two  different  systems 
of  fluids,  into  the  lymph-system  and  the  true  blood- system,^ 

In  the  sixth  line  of  succession  the  genital  system  baa 
first  developed  itself  morphologically  as  an  independent 
system  of  organs  (!)  Certainly  this  has  already  been  physio- 
logically present  the  longest  of  all,  before  any  other  system 
of  organs  became  differentiated.  We  certainly  already  meet 
with  single  cells  scattered  in  the  endoderm  of  the  intestinal 
tube  in  the  sponges,  some  of  which  develop  into  germ- 
cells,  and  others  into  sperm-cells ;  and  this  was  pro- 
bably already  the  case  in  the  Gastraeada,  Only  in  all 
'  A  verj  different  view  of  iLe  cwlom  and  of  the  blood-ayatem,  as  well  as 
of  the  kidoej-sjateni,  liasbeeu  developed  b^  E.  B.  Lankester  in  liia  oft-qiiotcd 
article  ('  Annala  and  Magaziae  of  Natural  Hiatory,'  May,  1873).  Ha  regards 
llieae  two  ayatenis  of  ar^QS  aa  identical,  and  tliinks  that  the  "excretory 
ni^ns  or  wKter-veasela  "  of  the  Arcelomi  form  tlie  first  commencement  oFa 
hodT-cavity,  and  that  thia  ccelom  is  therefore  opeced  externall;  from  the 
begmoing.  On  tlie  contrary,  my  opinion  is  that  the  ccelom  is  priuiarllj 
closed,  and  originated  subiiequeutl;  to  and  independent!;  of  the  older, 
primarjkidnej-sjsteiii,  Theconncclionofllie  two  wonid  then  he  secondary. 
The  oiilogpneais  of  the  Bilateria  seems  to  me  to  contradict  E.  R.  Lankeater's 
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the  Zoophyta  does  the  formation  of  both  kinds  of  sexual 
cells  from  the  epithelium  remain  confined  to  certain  parts  of 
the  gastro-canal  system ;  and  even  in  many  worms  there  are 
etill  no  independent  persistent  sexual  organs  present  in  a 
morphological  sense.  In  many  worms  {Bryozoa,  Annelida, 
&c.)  individual  coelom-cells,  scattered  cells  of  the  "  pleuro- 
peritoiieal  epithelia,''  develop  themselves  periodicaOy  into 
sexual  cells.  An  independent  diilerentiation  of  special  sexual 
organs  seems,  therefore,  to  occur  later,  perhaps  at  different 
times  in  the  different  groups  of  animals.  The  decision  of  this 
very  difficult  question  is,  in  general,  connected  with  the 
problem  of  the  homology  of  the  sexual  organs,  and  with  the 
primary  phyletic  origin  of  the  sexual  cells,  one  of  the  most 
difficult  problems  of  ontogenesis  and  phylogenesis.  I  would 
in  addition  here  to  the  observations  which  I  have  made  on 
this  subject  in  the  '  Biology  of  Calcareous  Sponges '  {pp.  469, 
471),  wish  to  hint  as  to  the  possibility  of  both  primary 
germ-lamellffi  sharing  in  the  formation  of  sexual  cells.  For, 
although  in  most  cases  the  origin  of  the  sexual  cells  from 
cells  of  the  intestinal  fibrous  layer,  or  even  of  the  primary 
gastral  layer,  is  proved,  yet  in  other  cases  they  appear  to 
originate  just  as  certainly  from  the  dermal  muscular  layer,  or 
even  from  the  primary  dermal  layer  {Hydra), 

On  account  of  the  positiveness  with  which  opposite  views 
concerning  the  origin  of  the  sexual  cells  are  maintained  even 
within  the  single  group  of  Zoophyta,  it  may  finally  still  be 
suggested  whether  a  translocation  of  thpm  has  not  occurred 
so  early  {already  within  the  Laurentian  period)  that  their 
apparently  original  conditions  may  now,  indeed,  be  their 
second  home.  I  have  proved  that  in  the  calcareous 
sponges  the  egg-cells  which  originally  aiise  in  the  endo- 
derm  often  pass  very  early  into  the  exoderm  by  their 
amoeboid  movements,  and  I  he  re  continue  their  growth. 
In  many  Calcispongise  the  egg-cells  are  much  easier  to  he 
found  in  the  exoderm  (their  secondary  place  of  abode) 
than  in  the  en  do  derm  (their  primary  original  position), 
so  that  I  even  believed  at  one  time  that  they  arose  origi- 
nally in  the  former.  We  may  now,  perhaps,  venture  to 
suppose  that  this  early  transport  of  the  cells  from  one 
primary  cell-layer  to  the  other,  by  continued  "shortened  or 
contracted  inheritance,"  in  the  course  of  generations,  would 
be  continually  thrown  further  back  in  ontogenesis,  till  it 
finally  takes  place  already  during  the  differentiation  of  similar 
furrowed  cells  into  the  two  forms  of  cells  of  the  two  primary 
germ-lamellte.  Then  the  cells  which  origiually  (phylo- 
^enetically)  belonged  to  the  inner  germ-lamelUe  nevertheless 
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C^ontogenetically)  apparently  occur  first  in  tlic  oule:*  gerrii- 
lamellae,  and  vice  versd.  I  suspect  that  this  is  often  actually 
'fthe  case  la  the  sexual  cells,  and  that,  generally,  such  an 
«arly  transport  of  the  cells  has  played  a  significant  pari 
through  the  change  of  place  and  change  from  one  genu- 
lamellffi  to  the  other  heconiing  constant  by  inheritance.  This 
transport  also  possesses  great  significance  for  our  above-staled 
view  of  the  original  difference  of  the  two  muscular  layers, 
and  may,  for  instance,  explain  much  in  the  early  axial 
concrescence,  in  the  blending  of  the  germ-lamella  in  the 
asial  cord  of  the  Vertebrata,  as  well  as  in  their  later  diver- 
gence. 

8.  The  Significance  of  the  Gastraea-Theory  for 

THE  Theory  of  Type. 
If  one  judges  the  above-given  confirmation  of  the  Gaslraea- 
theory  as  sufficient,  and  acknowledges  the  coiiclusioua  drawn 
therefi'om  as  on  the  whole  right,  one  will  then  have  arrived 
at  the  conviction  that  as  a  consequence  the  so-called 
type-theory — which  to  this  very  lime  is  in  general  looked 
On  as  the  profoundest  basis  for  a  zoological  system — has 
been  abolished,  at  least  so  far  as  its  present  significance  goes, 
and  an  essentially  different  classification  of  the  animal  king- 
floin  put  in  its  place.  As  is  known,  this  highly  renowned 
and  highly  meritorious  theory  of  types,  which  in  the  second 
decennium  of  our  Century  two  of  the  most  important  con- 
temporary zoologists  attained  to  by  difierent  ways,  culmi- 
nated in  the  idea  that  in  the  animal  kingdom  many  funda- 
mentally different  principal  gi-oups  are  to  be  discerned ;  for 
«acb  of  which  peculiar  "types"  there  is  a  quite  charac- 
teristically immanent  and  persistent  "  plan  of  structure," 
This  plan  of  structure  is  determined  through  the  peculiar 
position  and  connection  of  the  constitutive  organs,  and  is 
■  entirely  independent  of  the  grade  of  perfection  and  develop- 
ment traversed  by  ihe  various  classes  of  animals  of  each  type 
within  its  sphere.  Both  George  Cnvier,  who,  by  the  path  of 
comparative  anatomy,  and  Carl  Ernst  Baer,  who,  alone  and 
independently  of  Cuvier,  arrived  at  this  idea  by  the  path  of 
comparative  ontogenesis  distinguished  in  the  whole  animal 
kingdom  but  four  such  types,  which  Baer,  according  to  the 
different  manner  of  ontogenesis,  characterised  in  the  follow- 
ing manner :— (1)  Radiata,  with  a  radial  development  (cuo- 
hitio  radiata) ;  (2)  Mollusca,  with  a  contorted  development 
[evolittio  contorta)  ,■  (3)  Articulata,  with  a  symmetrical  de- 
velopment {evolutio  gemina)  ;  (4)  Vertebrata,  with  a  double 
symmetrical  development  {eooUtio  Ing&mMi).      Cuvier, 


also  Baer,  took  each  tjpe  for  something  absolutely  persist^^^ 
and,  in  Bpite  of  all  mudifi cations,  in  the  deepest  sense  un- 
alterahle ;  consequently  here  they  allowed  no  connection  of 
any  sort  and  no  transition  between  the  four  different  types. 
BaeFj  besides,  insiste  that  the  type  of  the  lowest  forms  of 
each  of  the  four  groups  must  be  pronounced  as  well  defined 
as  in  the  highest,  and  that,  consequently,  the  type  of  develop- 
ment is  entirely  independent  of  the  grade  of  improvement. 

In  contrast  with  the  earlier  prevailing  erroneous  opinion 
that  the  whole  of  the  animal  kingdom  represented  a  single  un- 
interrupted gradual  scale  of  beings,  and  that  a  single  con- 
tinuous succession  of  development  proceeded  from  the  lowest 
of  the  Infusoria  through  the  different  classes  up  to  Man  him- 
self, the  light  which  the  type-theory  threw  over  the  different 
portions  of  zoology,  hut  particularly  over  comparative 
anatomy  and  over  the  history  of  development,  procured  for 
it  a.  speedy  entrance  into  the  zoological  system,  and  the  four 
types  were  soon  pretty  commonly  looked  upon  as  the  basis 
of  very  exact  scientific  system  of  animals.  One  was,  in- 
deed, soon  compelled,  through  the  advance  in  one's  know- 
ledge of  the  lower  animals,  to  pull  to  pieces  that  very  un- 
natural type  Kadiata.  First,  Siebold  in  1845  separated  from 
it  tlie  Protozoa,  and  at  the  same  time  he  divided  the  Articu- 
lala  into  Arthvopoda  and  Vermes.  Leuckart,  in  1848,  was 
the  first  to  distinguish  as  two  distinct  types  the  Ctelenterata 
and  Ecliinodermata.  So,  from  the  original  four  types  arose 
the  seven  diverse  main  groups,  which  to  this  day  are  still 
also  in  vogue  in  most  systems  equally  as  the  highest  and 
most  general  of  the  chief  divisions  of  the  animal  kingdom. 
But  the  peculiar  essence  and  the  original  signification  of  the 
theory  of  types  was  not  touched  by  the  augmentation  of  the 
number  of  types.  The  aims  of  the  later  zoologists  was  much 
more  directed  to  defining  by  the  same  standard  the  four  new 
types  (Protozoa,  Ccelenterata,  Echinodermata,  and  Vermes), 
and  combining  each  of  these  as  an  isol&ted  form  entity,  with 
the  peculiar  "plan  of  structure,"  in  which  was  the  basis  of 
arrangement  for  the  three  retained  older  types  (Arthropoda, 
Mollusca,  VertebrataJ  of  Baer  and  Cuvier.  The  idea,  ever 
since  then,  growing  stronger  of  the  entirely  indci)endent  cha- 
racter and  the  immanent  "structure  plan"  of  these  seven 
types  of  animals  is  to  this  day  still  generally  prevalent ;  so 
that,  for  example,  Glaus,  even  in  the  newest  edition  of  his 
'Zoology '  {1878,  p.  41),  points  out  the  type-theory  as  the 
most  important  advance  in  science  since  Aristotle,  and  as 
the  very  foundation  of  the  natural  symptom  systems  Even 
.Hopkins  names  the  types,  moreover,  "  the   Kepler's  lavg 
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of  ihe  animal  kingdom,"  and  sees  in  t1iem,  ivitli  Kufevatcin 
and  others,  the  "  most  briiliaat  confutation  of  tlie  Darwinian 
heresy,"  and  the  strongest  argument  against  the  truth  of  the 
theory  of  descent. 

This  last  point  our  adversaries  have  themselves,  without 
foreseeing  it,  pointed  out  as  the  Achilles'  heel  of  the  theory 
of  types.  For  it  is  quite  certain  that  the  theory  of  types,  in 
the  original  sense  of  its  authors,  does,  without  doubt,  stand 
in  a  fundamental  contradiction  to  the  theory  of  descent. 
This  contradiction  lies  not  so  ranch  in  this  that  the  types 
are  considered  as  completely  independent  and  separate  higher 
groups  of  the  animal  kingdom,  but  rather  in  the  teleogical 
principal  of  their  conception.  The  idea  that  the  types  form 
entirely  independent  groups  of  forms  is  of  course  inronsistent 
"with  any  monophylfctic  conception  of  llie  animal  kingdom, 
which  traces  all  animals  as  descendants  from  a  single  com- 
mon root-form;  but  it  would  allow  itself  to  be  brought 
into  unison  with  the  theory  of  descent  in  this  that  one 
requires  for  each  type  an  independent  ttcm-form,  conse- 
quently the  entire  animal  kingdom  requires  a  polyphyletic 
descent — so  many  types,  so  many  phyla.  The  conception  of 
the  immanent  original  "plan  of  structure  of  the  types," 
which  forms  the  true  teleogical  ground  imnciple  of  the 
theory  of  types,  is,  on  the  contrary,  perfectly  inconsistent 
with  the  theory  of  descent. 

As  soon,  therefore,  as  the  theory  of  descent  reformed  by 
Darwin  attacked  the  Baer-Cuvier  theory  of  types,  it  com- 
pelled the  latter  to  defend  itself  by,  first,  freely  giving  up  its 
teleogical  ground  principle,  and,  secondly,  at  the  same  lime, 
the  connection  of  the  types  with  one  another  had  to  be 
modified.  The  first  attempt  towards  this  I  made  in  1866 
in  my  '  General  History  of  Development '  ("  General  Mor- 
phology," 2nd  volume,  chapters  xTi,  xix,  xxiv,  and  xxv). 
First,  1  have  there  already  pointed  out  that  Baer's  type  of 
development  is  nothing  further  than  the  consequence  of  in- 
heritance, and  Baer's  grade  of  improvement  is  nothing  further 
than  the  consequence  of  adaptability  (I.  c.,  p.  11  J;  therewith, 
on  the  one  side,  the  dualistic  notion  of  types  or  the  teleogical 
plan  of  structure  ia  brought  back  to  the  mechanical  prin- 
ciple of  inheritance  (consequently  to  the  physiological  func- 
tion of  increase),  1.  c,  p.  171 ;  on  the  other  hand,  the  dualistic 
idea  of  perfection  or  the  teleogical  aim  of  increase  is  conse- 
quently reduced  to  the  mechanical  principle  of  adaptability, 
that  is,  to  the  physiological  function  of  nutrition  (1.  c,  p. 
193).  Secondly,  I  have,  then,  already  shown  that  the 
different  higher  types  of  the  animal  kingdom  can  be  oiiljn 
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conceived  in  a  genealogical  eense  as  stems  or  phyla,  but  that 
the  higher  phyla  of  the  animal  kingdom  (Vertebrata,  Mol- 
lusca,  Arthropodaj  Echinodermata)  are  to  be  considered  as 
diverging  descendants  from  the  lower  stems  of  the  Vermes, 
which  have  taken  their  origin  from  diverse  branches  of  this 
numerous  lower  animal  group;  and  that,  lastly,  the 
Vermes  and  the  Ccelenterata  must  have  started  off  from  those 
still  lower  groups  of  organisms,  the  Protozoa  or  Protista  (1.  c, 
pp.  413,  414j.  1  have  more  definitively  expressed  this 
opinion  in  the  first  edition  of  my  '  Naturliche  Schopfun^s- 
geschichte  '  (1868),  and  in  the  succeeding  editions  I  have 
sought  to  state  it  more  clearly.  I  failed  in  evolving  it  into 
perfect  clearness,  because  the  Gastraea- theory,  to  which  I  first 
of  all  was  led  by  my  '  Monograph  of  Calcareous  Sponges,'  was 
not  yet  formed.  It  was  only  by  means  of  the  Gastraea-theory 
and  its  consequences  tliat  the  phylogenetic  relationship  of 
the  types  of  animals  to  one  another  was  completely  cleared  up. 
It  might  be  asserted  that  the  Gastraea-theory  is  only  a 
reform  or  modification  of  the  theory  of  types,  because  three  ' 
of  the  primitive  four  types  (Vertebrata,  Mollusca,  and  Arthro- 
poda)  have  been  retained  nearly  within  the  original  limits  of 
their  conception,  but  the  content  of  this  conception  has 
become  completely  different.  Sesides,  moreover,  between 
the  two  theories  there  is  this  most  essential  difference,  that 
in  the  "  type-theory  "  the  types  appear  as  co-ordinate,  self- 
existing  groups  of  forms  of  equal  morphological  value,  along- 
side each  other,  and  yet  independent  one  of  another ;  whereas 
in  the  "  Gastiaea-theory  "  the  phyla  exist  as  partly  co-ordi- 
nate, partly  subordinate,  groups  of  completely  different 
morphological  value  ;  partly  near,  partly  alongside  each  other, 
but  all  in  a  common  connection. 

In  the  excellent  explanation  which  Gegenbaur  has  given 
in  the  second  edition  of  his  '  Grundziige  der  vergleichenden 
Anatomie'  (1872,  p.  72)  of  the  animal  types,  these  various 
references  of  types  of  different  value  to  one  another  have 
been  clearly  explained,  and,  through  the  most  sagacious 
investigation  of  details,  has  been  further  strongly  built  on 
the  sure  foundation  of  comparative  anatomy.  Gegenbaur 
shows  that  the  seven  types  or  phyla  have  their  Umits  sume- 
times  tolerably  distinctly  fixed,  and  sometimes  are  by  no 
means  to  be  distinguished  from  one  another ;  that  one  must 
distinguish  between  the  lower  and  higher  types,  and  that  the 
different  higher  types  or  phyla  disclose  in  their  common 
point  of  departure  the  lower.  Through  this  demonstrable 
connection  of  the  phyla  it  will  appear  that  the  whole  of  the 
I  members  of  the  animal  kingdom  can  be  placed  in  a  neaf. 
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_  lUiauce,  whereby  the  ground  is  got  ready  for  a  monophyleiic 
Bystem,  Through  these  cognisable  comiections  the  hard 
and  fast  coiiceptiou  of  the  stems,  as  derived  from  the  earHer 
doctrines  of  type,  must  become  significantly  more  pliant,  for 
we  find  the  relaliouship  of  the  types  to  one  another  in  the 
manner  as  we  meet  the  subdivisions  within  the  types,  t.  e.,  in 
genealf^cal  partition  (1.  c,  p.  77). 

With  this  conception  the  type-theory  of  Baer  and  Ciivier 
is  at  onre  destroyed,  as  well  in  the  extent  as  in  the  content 
of  the  idea  of  type.  The  type  has  consequently  completely 
lost  its  earlier  significance,  and  so  far  as  it  is  a  category  of 
the  system,  possesses  no  other  philosophical  significance  than 
the  lowest  category  of  class,  order,  genus,  species,  and  so 
forth,  it  is  now  ouly  relatively  (through  its  height),  not 
absolutely,  distinguished  from  the  latter  ;  so  even  Gegenbaur,- 
from  the  line  of  comparative  anatomy,  has  attained  to  the 
same  position  in  respect  to  the  type-theory  as  that  to  which 
the  way  of  comparative  ontogenesis  has  carried  us.  The 
tjpe-tbeory  has  an  extraordinary  merit  for  zoology,  and, 
as  the  highest  principle  of  the  classification  of  the  animal 
kingdom,  had  effected  on  all  sides  an  uncommonly  fruitful 
and  stimulating  work.  Its  efficaciousness  is,  however,  to  be 
looked  on  now  as  ended.  The  consistent  application  and 
carrying  out  of  the  theory  of  descent  which  we  have  com- 
pared with  it  is  no  longer  sufiicient ;  in  its  place  must  Jiow 
come  the  phylogcnetic  classification  of  the  animal  kingdom,  the 
essential  basis  of  which  is  formed  by  our  G as traea- theory. 

APPENDIX. — Synoptic  Phylogenetic  Tables, 
For  a  hasty  survey  of  the  general  results  which  appear  to 
develop  themselves  from  the  Gas  traea- theory,  the  following 
four  phylogenetic  tables  are  appended.  To  avoid  the  many- 
misinterpretations  which  I  have  put  on  the  similar  tables  and 
stem- structures  in  my  'Genera!  Morphology'  and  in  my 
*  Natural  Creation,'  as  also  in  my  '  Monograph  of  Calcareous 
Sponges,'  I  may  here  expressly  mention  that  these  claim 
absolutely  no  dogmatic  currency',  that  they  are  merely  essays 
to  give  a  clear  insight,  with  the  help  of  the  Gas  traea- theory, 
into  the  important  relationships  of  the  ontogenetic  and  the 
phylogenetic  development  of  animals  and  their  primary  system 
of  organs.  Should  the  attempt  not  be  agreed  with,  let  some 
better  positive  he  put  in  its  place,  but  let  the  objector  not  rest 
contented,  as  too  often  happens,  with  a  mere  negative  rejec- 
tion. At  all  events,  the  herein  proposed  system  of  animals 
coincide  closer  to  tlie  important  facts  of  developmental  history 
than  all  other  hitherto  attempted  experiments  of  classification. 
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I.— Synoptical  Table  of  those  Primitive  Organs  which,  with 

probability,  are  considered  as  homologous  in  the  Vermes, 
Articulata,  Molluscous  and  Vertebrated  Asiimals. 

1 

Vbbmkb. 

Abthbopoda. 

M03J,BaCA. 

Vbbtsbhat*. 

I.— iVorfBcti  differentiated  from  the  Nevro-dermal  Layer. 

J 

EpidtrmU. 

Bypodennis 

(chitiue     mem- 

braoe). 

Epidermia. 

Epidermis. 

■ 

PrimffiTB  bmin 

{upper  <Bsophag«a 

BmiD 
ganglia). 

Brain 

(upper  .esiiphagcal 

gangba). 

Harrow.lione    or 
medullary     tube 
(fbremost  part). 

■ 

OrattDB  of  erore- 

tion 
("  water  vaacolar, 
BCgniMitBl     or- 

Kidaeys. 

Primitive  kidney 
proceasoa. 

■ 

1 

Coriaui 

(MdamiulMnms- 
cnUr  sheath). 

Coriuni     (nidi, 
ment). 

Corium     and 
derma)    troeclea 
[First  appearance!] 

Coriuni  and  dermal 

niQsclea 
Tirat  appearance!) 

1 

Btraight  mnacular 
abeath. 

Hollow     muscles 

Inner  hollow  mus- 
cles. 

Lateral     hollow 
muscles. 

1 

■ 

CiElom. 

Bodj  cavity. 

Body  cavity. 

Pleuro-peritoDBal 
cavity. 

■ 

Principid    docaal 
veaBel^ 

Heart. 

Ventricles. 

Aorta   (primordi- 

Principsl  ventral 
veaeelB. 

Heart    (together 
with  bnlbos  arte- 

m 

Intestinal  waU 
theUDDi). 

InteatiDsl  waU 
(Biclusive  of  epi- 
thelium). 

(eioluBive  of  epi- 
thelium). 

layer  and  mesen- 
tery. 

1 

■ 

i 

limn.               dermis    (for    the    hum  (for  tha  most    linm      (eiceptine 
nioflt  pnrt).                  part).             mouth  and  anuaj. 

J 

1 
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111.— Sketch  of  a  Pfnjlogenetic  Clasaification  of  the  Animal 

Kingdom,  founded  on    the    Gastraea- Theory   and    the 

Homology  of  the  Germ-lameiltB,  the  Primitive  Intestine, 
and  the  Ctelom. 

ii 

3  SrSTAOMiTA. 

S  PHrLi.          16  Phtlooladi. 

40   CUSBES. 

First    jiriiH-ipal  f                                                                                                [ 

group   of   the 

Animal  King- 

L 

§■ 

dom  :       I'BO- 

1.  Mooe™.              ^ 

lozoi.      Pbi. 

1 

MITIVB     AM- 

UAiil,  without 
Germ-Umellm 

^'^"^-                                       ^   4    Acr,i"'°' 

or     Inteatine, 

or    Cmlom    or 

" 

Ham'iljmph. 

Second  priucipal 

group  of   the 

Animal  King. 

dom :       kSX- 

\ 

MiBIA-lNTKB- 

ri.             r   3.  Spongias. 

6.  Gafltr-eada. 

UJtDUTE  AKI- 

7.  Porifara. 

UALB      (blood- 

Zoophjta       \ 

8.  CoraUa, 

Uu  inteatina! 

animaM,  with 

III.            f    5.  A<'<Elraio 
Aoelomi.        \            (Vcrmeal).! 

U,  ArchelLointhes. 

Glrm-bm«II» 

1 

and  IntcEtiiio. 
bat      witliout 

■s 

Cislom       and 

1 

14.  PolyioB. 

n 

Third  principal 

^            IV.               r    6.  Cmlomati 
Ctelomati.       t         (Vermes  IJ). 

15.  Tnnicata. 

16.  KhynchociEla.              / 

17.  Gephjrea.                    / 

group  of  the 

IB.  Rotatoria. 

Animal  King- 

19. AnnBlida. 

dom  :   Hjcka- 

TABiA.  Blood 

MoUnsca.        \    g    otooardia. 

23.  CochUdes. 
23.  Cephalopoda. 

(blood-carryiue 

% 

mala),  animal* 

y,                f    9.  Coluhracliiu. 

24.  Asterida. 

25.  Crinoida. 

m 

with  two  pri- 
mary     Geria- 

26.  Echinida. 

27.  Uolutboris. 

lamell»,    with 

y,.             ril.  Caridee. 

28.  Crubtacea. 

Cuilom        and 

39.  AraelmidB. 

Hsmoljmph  ; 

Arthropod-.     |  ig.  Tracbeata. 

30.  Mjriapoda. 

all   having  at 

31.  Inaecta. 

the  flttino  time 

~13,  Acrania. 

32.  Leptoi'ardia- 

a  nervoua  bjb- 

14.  Monorrhina. 

33.  Cyclostomi. 

34.  Piacea. 

tam. 

VIII.           J 

35.  DipneUBU. 

Vcrtcbrata. 

■ 

36.  Halisauria. 

^U 1 

(  ?,%,  ■?*^\V4.                                V 
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\m-structure  of  the  Animal  Kingdom, 
founded  on  the  Gastraea'  Theory  and  the  Homology  of  the 
Germ-lamellcB. 
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Protoacns.  Prothelmia, 
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(Ontogenelia ;  Ovulum.) 
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On   Arkanoino    and   Catalogwino   Micaoscopic   Spbci- 

MENS.     By  J.  \V.  Groves,  F.E.M.S.,   Hon.  Sec.  to  the 

Medical  Micro.  Soc. 

This  subject  seems  to  be  one  of  some  difficulty,  from  the 
fact  that  most  authors  who  have  written  upon  it,  and  most 
people  who  possess  collections,  follow  different  methods 
without  being  altogether  satisfied  with  any  of  them  ;  more- 
over, it  is  a  question  of  importance,  for  upon  the  arrangement 
adopted,  and  the  convenience  of  the  catalogue,  depends  the 
space  gained  or  wasted  in  the  cabinet,  and  the  comparative 
ease  or  difficulty  of  Ending  any  given  preparation. 

Manifestly,  the  system  to  be  recommended  must  depend 
upon  whether  the  collection  be  large  or  small,  and  also 
whether  miscellaneous  or  only  of  certain  classes  of  specimens. 
Por  small  collections  I  am  inclined  to  advocate  an  absence  of 
classification  in  the  cabinet ;  because,  if  a  small  collection  be 
miscellaneous — and  it  generally  is — such  arrangement  would 
only  involve  a  great  waste  of  space,  without  the  slightest  ad- 
vantage being  derived  thejefrom,  provided  only  such  a  cata- 
logue be  adopted  as  the  one  I  am  about  to  propose. 

For  large  collections,  a  systematic  arrangement  of  the 
specimens  becomes  necessary,  and  also^  I  think,  more  sys- 
tematic catalogues  than  such  as  are  generally  written. 

In  large  collections — for  instance,  that  in  the  Hunterian 
Museum  of  the  Royal  College  of  Surgeons  (the  arrangement 
of  which  is  so  well  described  by  Dr.  J.  Murie  in  vols.  I  and 
VIII  of  the  'Monthly  Microscopical  Journal,'  in  his  excel- 
lent article  "On  the  Classification  and  Arrangement  of 
Microscopic  Objects") — I  would  have  a  separate  catalogue 
for  every  series  or  siibseries  in  the  classification  of  the  speci- 
mens, while  for  small  collections  one  catalogue  will  generally 
suffice. 

By  the  method  ordinarily  adopted,  if  one  does  not  happen 
to  know  the  slide  required  by  its  general  appearance,  it  is 
necessary  to  examine  several  under  the  microscope,  or  at  any 
rate  to  read  the  labels  of  several,  before  it  is  found,  and  con- 
sequently much  loss  of  time  is  involved;  whereas,  by  my 
method,  which  is  of  universal  application  and  very  simple, 
one  has  only  to  refer  to  the  proper  heading  in  the  catalogue 
or  index,  and  so  to  pick  out  the  very  preparation  wanted 
without  further  trouble.  Thus  it  is  evident  that  my  method 
is  of  extreme  use  to  those  who,  like  myself,  frequently  have 
to  demonstrate  certain  points  of  structure  to  a  class. 

As  my  own  collection  is  comparatively  small,  miscellaneous. 
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and  yet  required  for  special  purposes,  I  will  describe  its 
arrangement,  and  the  catalogues  which  I  use  with  it. 

My  collection  is  divided  into  three  parts,  viz. — A,  a 
general  one  for  diatoms,  plants,  insects,  minerals,  &c. ;  and 
two  special  ones,  B  for  normal,  and  C  for  pathological  histo- 
logical preparations. 

Each  of  these  divisions  has  a  separate  catalogue,  and  as 
each  of  these  is  drawn  up  in  a  precisely  similar  fashion,  I  will 
describe  that  for  norma!  histological  preparations,  as  it  is  the 
most  complete. 

It  consists  of  a  simple  alphaheted  note-book,  in  which  is 
contained  an  alphabetical  itides.  to  everything  contained  in 
every  preparation,  each  reference  being  nlumbered  according 
to  the  numbers  on  the  slides.  These  are  placed  in  the 
cabinet  without  any  regard  to  arr^iigemenp,  and  simply  num- 
bered consecutively,  thus — 7,  Auerbach's  ganglia ;  8,  stomach 
of  dog,  showing  gastric  peplie  glands;  9,  voluntary  muscle, 
&c.  As  the  collection  increases,  and  a  new  cabinet  is 
required,  the  numbers  are  continued  as  though  there  were  but 
one  cabinet. 

To  show  the  method  of  entering  in  the  catalogue  the  con- 
tents of  each  preparation,  I  will  run  over  my  specimens  of 
■jmall  intestine. 

Under  the  heading  "  I "  is  found  ; — 

Intestine  small,  106,  107,  103,  109,-117,  130,  209,  ftc. 
Muscular  coat,  extern^  trana.  sect.  lOS. 
„  „         long.  sect. 

„  internal  traua.  Beet. 

bug.  sect..  108. 
Villi,  106, 107.  lOS,  117. 130,  *149,  150, 162,  207,  30 
„    epithelium  of,  117,  309,  'lOS. 
„     musol.  insoL  of,  •207,  149,  150. 
„    lacteala  of. 

„    blood-vessels  of,  120,  "106,  107,  lOS. 
„    IjiTipUatic  tissue  of,  207,  208, 149, 150. 
Fever's  patches,  109,  147,  143. 

„       eolumuar  epithelial  cap  of,  *209,  147. 
Peyer'fi  patches,  trabeculre  of,  147. 148- 

„  ,.        lyniph-oorpuscleB  of,  147, 143. 

„  „        vessels  of,  109- 

Bruoner'B  glands,  117. 

„         vessels  of,  117. 
Lieberkulm's  glands,  from  surface. 

„      vert,  sect.,  106,  107,  lOS,  117. 
„  „      trans,  sect. 

„      vessels  of,  lOG,  108. 
Muaoiilaris  mueoaK,  307,  IBO,  107. 

LieWrkuliu's  glands  penelratiug,  107. 

Brunner's  glanila  „ 

Pcjer's         „  .,  209. 


Intealiue,  small — coiitiHiied. 
Mdgoiib  tncmbraae. 


I 


I 


Blood-vesaeU  of,  106,  lOr,  108,  117,  100, 120.' 

Nerves  of. 

Then  each  of  these  components  of  the  small  intestine  is 
entered  again  under  its  approximate  heading,  thus 
Under  "M"— 

Muscle,  iavolunUrj  of  amnll  inteatine,  vide  inteatiiLe. 

Muscularis  mucoste  of  email  intestine,  vide  JntestiDe. 

Mucous  membTane  of  small  intestine,  vide  intestine. 
Under  "  V  "— 

Villi  of  sniiill  intestine,  vide  inteal.ine. 
Under  "  L  "— 

Ljmph- foil  ides  of  small  intestine,  vide  intestiae, 
and  GO  on. 

It  will  be  observed  that  some  of  the  numbers  are  marked 
with  a  star  (thus,  •247}.  This  denotes  that  those  prepara- 
tions show  the  part  mentioned  under  the  heading  specially 
well,  though  the  others  also  show  it  more  or  less  perfectly. 
Thus — Peyer's  glands,  epithelial  cap.,  147,  •209.  Of  these 
No.  209  is  the  best.  Again,  Villi,  muscle  in,  '247,  149.  Of 
these  *S!47  shows  it  most  perfectly. 

The  other  divisions  of  my  collection  are  treated  in  a  pre- 
cisely similar  manner,  and  from  what  I  have  now  said,  it  will 
be  seen  that,  in  a  small  collection,  no  space  need  he  wasted, 
because  the  cabinets  are  gradually  filled  up,  and  when  others 
become  necessary  the  numbers  simply  follow  on  consecu- 
tively from  the  last  slide  in  the  cabinet  just  filled  ;  while,  at 
the  same  time,  it  will  be  evident  that  for  small  or  large 
collections,  and  whether  the  slides  contained  in  them  be 
arranged  systematically  or  not,  there  will  not  be,  in  either 
case,  the  slightest  difficulty  in  finding  any  given  slide  in  a 
moment. 

I  may  add  that  it  will  be  found  handy  to  have  a  simple 
numerical  list  of  slides,  as  well  as  that  arranged  alphabetically, 
because  then  if  a  preparation  be  mislaid,  it  will  be  easier  to 
find  out  what  it  was,  and  thus  to  replace  it,  if  the  clue  thus 
given  do  not  enable  it  to  be  traced  and  found  again. 

In  conclusion,  let  me  add  that  it  will  be  found  to  save  time, 
and,  what  is  of  more  consequence,  the  preparations  will  be 
preserved  with  less  risk  of  injury  if  kept  in  cabinets  which 
will  take  them  horizontally,  instead  of  "on  edge."  This 
remark  apphes  witli  special  force  to  all  specimens  put  up  in 
a  fluid  medium,  no  matter  of  what  kind. 
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fNoTE  on  "  Picro-Cakminate  0/ Ammonia."     By  E. 

Cresswell  Barek,  M.B.  Loud, 

(Read  before  the  Medical  Microscopical  Sociotj,  March  30, 1874.) 

In  this  note  I  wish  to  draw  attention  to  a  microscopic 

staining  fluid  which,  as  far  as  I  am  aware,  is  very  little,  if  at 

all,  known  or  used  in  England.     This  fluid  is  the  picro- 

carminate  of  ammonia,  invented  by  M.  Ranvier,  and  largely 

used  in  his  laboratory  at  Paris. 

M,  Ranvier  first  described  this  fluid  in  1870,  but  since 
that  time  he  has  made  considerable  changes  in  its  method  of 
preparation. 

I  propose  to  describe  shortly  the  method  of  preparation 
and  employment,  the  way  in  which  it  colours  tissues,  and, 
finally,  to  indicate  some  of  its  advantages  over  other  staining 
fluids  in  use.  The  picro-carminate  of  ammonia  is  made  by 
mixing — 

Carmine  (best) 1  gtamme. 

Liq.  AmmOQitG  ,         .         .         .       i  cubic  centimet. 


Add  to  the  mixture  five  grammes  of  picric  acid,  and  after 
agitating,  decant^  leaving  the  excess  of  picric  acid.  The 
decanted  liquor  is  tlieu  left  for  several  days  in  a  bottle,  being 
agitated  from  time  to  time.  Then  evaporate  to  dryness  by 
exposure  to  the  air  in  a  shallow  vessel.  This  takes  two, 
three,  or  more  weeks,  according  to  the  time  of  year.  The  red 
powder  which  has  thus  formed  is  then  scraped  from  the 
bottom,  and  can  be  kept  either  in  this  form  or  as  a  liquid 
ready  for  immediate  use.  The  liquid  is  made  by  simply 
dissolving  the  powder  in  water  in  the  proportion  of  about 
two  parts  of  powder  to  100  of  water,  allowing  it  to  stand  for 
a  few  days  and  fiJtering,  The  filtering  is  best  done  through 
a  double  layer  of  filtering  paper,  as  otherwise  solid  particles 
are  apt  to  pass  through.  The  liquid  thus  made  ought  to 
have  a  yellowish  red  appearance  and  ought  not  to  smell  of 
ammonia.  To  prevent  the  formation  of  fungi  a  few  drops  of 
a  solution  of  carbolic  acid  must  be  added.  The  liquid  can 
then  be  kept  an  indefinite  time,  requiring  only  occasional 
filtration. 

The  picro-carminate  of  ammonia  not  being  a  definite 
chemical  compound,  is  sometimes  troublesome  to  prepare, 
but  the  quantities  mentioned  in  the  above  method  appear  to 
give  as  good  results  as  any.^    It  is  therefore  always  advisable 

'  For  the  above  quantities,  as  well  'as  for  several  other  hints  on  Picro- 
Carmine,  I  am  indebtod  to  M.  Malassez,  lle|ietiteur  at  tJie  CoU6gs  de 
Ftanoe,  Paris.  

^kvOL,  Sir.-^HEW  8EB. 
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to  test  its  goodness  when  emerging  from  the  filter ;  this  is 
done  in  the  following  manner : — ^Place  a  drop  of  the  solution 
on  to  a  piece  of  white  filtering  paper,  and  allow  it  to  dry, 
when,  if  the  picro-carminate  be  good,  a  yellow  spot  is  formed 
surrounded  by  a  distinct  red  ring. 

Observers  differ  in  the  exact  shade  of  yellow  or  red,  which 
they  prefer,  but  if,  with  the  fluid  prepared  as  above,  the  two 
colours  be  distinctly  marked,  and  the  solution  sufficiently 
concentrated,  there  can  be  no  doubt  about  its  goodness. 
If  the  picric  acid  be  in  excess  the  yellow  colour  mil  prepon- 
derate over  the  red,  and  vice  versa.  Should  the  solution  be 
too  dilute,  as  indicated  by  the  colours  being  very  faint,  Jt 
may  be  strengthened  by  concentration,  by  the  digestion  in 
it  of  more  of  the  desiccated  powder,  or  by  repeated  filtra- 
tion through  the  same  filter,  by  which  latter  method  more  of 
the  picro-carminate  is  taken  up  by  the  water  each  time. 

In  order  to  be  sure  of  having  the  right  proportion  of  the 
ingredients  to  start  with,  it  is  as  well  to  apply  this  test  also 
to  the  mixture  before  drying,  as  after  desiccation  the  relative 
proportion  of  the  picric  acid,  carmine,  and  ammonia  cannot  be 
altered  without  evaporatiti^  to  dryness  again. 

Specimens  can  be  put  from  water  into  the  staining  fluid, 
but  from  this,  if  the  full  coloration  of  the  picro-carminate  is 
required,  they  must  be  put  directly  into  glycerine,  for,  if  placed 
first  in  water,  the  picric-acid  is  dissolved  out.  If,  on  the 
otlier  hand,  the  staining  by  carmine  only  is  desired,  the 
preparation  is  passed  through  water  before  being  put  in 
glycerine,  and  it  is  said  that  the  colouring  thus  obtained  is 
more  regularly  disposed  than  that  obtained  by  ordinary 
carmine. 

As  the  picric  acid  does  not  fix  itself  to  the  tissues  like  the 
carmine,  in  order  that  the  yellow  colour  that  it  produces  be 
permanent,  it  is  necessary  to  add  a  small  quantity  of  picro- 
camtinale  to  the  glycerine  in  which  the  specimen  is 
preserved. 

The  following  method  of  staining  and  mounting  is  con- 
venient : — The  section  is  placed  on  a  glass  slide  and  a  drop 
of  the  colouring  fluid  dropped  on  it ;  after  a  few  minutes, 
when  the  specimen  is  seen  to  he  sufficiently  stained,  the 
cover  glass  is  put  on,  and  some  of  the  following  mixture 
drawn  under  by  means  of  filtering  paper — 


Solution  of  Piero-Carminate 
GWoerine  .... 
Water        .... 


1  drop. 
10  drops. 
JO  drops. 


Tlie  specimen  can  then  be  sealed  up.     The  exaqt  propor- 
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tion  of  the  picro-carmine  contained  in  the  glycerine  is  not 
of  much  consequence,  provided  there  is  an  excess  of  picric 
acid  present.  The  colours  of  specimens  mounted  in  this  way 
improve  very  much  for  some  time  after  they  are  put  up. 

Specimens  hardened  in  chromic  acid  or  Miiller'a  fluid, 
likewise  those  which  have  heen  kept  long  in  osmic  acid,  do 
not  stain  so  easily  as  othei's.  The  picro-carminate  of  am- 
monia stains  the  tissues  in  several  colours,  varying  from  a 
bright  red  to  an  intense  yellow.  It  colours  yellow  the  homy 
layer  of  the  epidermis,  the  central  cells  in  the  bird's  neats  of 
epithelioma,  hairs,  nails,  cartilage  (very  slightly),  and  elastic 
fibres;  nuclei  of  cells  are  coloured  bright  red ;  the  fibres  of 
connective  tissue  of  a  rose  colour;  the  protoplasm  of  most 
cells  takes  a  reddish-yellow  colour ;  and,  lastly,  the  red  blood- 
corpuscles  assume  a  brown  tint.' 

In  the  epidermis,  for  example,  the  picro-carminate  dis- 
tinguishes three  layers : — 

I-  Moat  superficially  the  homy  layer,  consisting  of 
flattened  cells,  coloured  of  an  interne  yellow. 

II.  An  intermediate  layer  of  cells  filled  with  granules, 
which  are  coloured  of  a  bright  red. 

III.  And,  lastly,  a  layer  of  cells  under  this  coloured  of  a 
dull  yellow,  with  their  nuclei  stained  red. 

These  three  layers  can  often  be  distinguished  in  the  bird's 
nests  of  squamous  epithelioma,  the  centre  containing  the 
intensely  yellow  cells,  outside  this  is  the  red  layer,  and,  most 
externally,  the  dull  yellow  ceUs  with  red  nuclei.  This 
indicates  plainly  the  development  of  the  epidermal  cells 
inwards,  passing  through  the  three  stages. 

The  great  advantage  the  picro-carminate  has  over  other 
staining  fluids  is  its  property  of  staining  tissues  in  a  aeries  of 
colours  varying  firom  red  to  yellow ;  it  has  the  minor  ad- 
vantages of  colouring  rapidly  and  equally,  and  of  being  able 
to  be  kept  in  the  dried  form. 

I  may  mention  that  in  Frcy's  '  Microscopic  Technology ' 
(4th  German  edition)  picro-carminate  of  ammonia  is  alluded 
to  in  a  few  lines,  but  only  the  original  method  of  preparation 
employed  by  M.  Kanvier  is  given. 
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Ob  DiATOMACE*  from  Spitzbergen.     By  the  Rev.  E." 
O'Meaka,  A.M.    With  PI.  VIII. 

The  collections  which  are  the  subject  of  the  present  paper 
were  made  by  Rev.  A.  E.  Eaton,  ivho  went  out  to  the  Arctic 
Sea  in  Mr.  I.eigh- Smith's  yacht.  They  consisted,  1st,  of 
Bome  stones  coated  with  mucor,  in  which  no  diatoms  were 
found ;  2nd,  of  several  bottles  of  various  size.  Of  these  a 
large  number  had  unhappily  been  broken  in  the  conveyance 
and  the  contents  lost  except  the  material  that  remained 
attached  to  the  surface  of  the  glass.  This  material  was 
carefully  examined,  but  not  a  single  diatomaceoua  frustule 
appeared  to  requite  the  labour,  so  that  it  may  be  inferred 
that  no  loss  was  sustained  by  the  casualty.  Of  the  bottles 
which  came  uninjured  one  was  rich  in  forms,  the  others 
contributed  only  a  few  to  the  general  result.  3rd,  of  a  large 
package  of  a  very  miscellaneous  nature,  made  up  of  broken 
shells,  pieces  of  seaweed,  sand,  and  such  like ;  its  general 
appearance  was  not  encouraging,  nevertheless  it  yielded 
forms  of  sufficient  number,  variety,  and  interest,  amply  to 
requite  the  labour  of  preparation. 

Cleve  and  Lagerstedt  have  investigated  the  diatomaceas  of 
Spitzbergen,  and  favoured  us  with  the  result.  The  latter  in 
his  treatise,  '  Sotvattens  Diatomaceer  fran  Spetsbergen  och 
Ueeren  Eiland,'  confined  to  the  fresh-water  forms  of  the 
district ;  the  former  in  his  *  Diatomaceer  fran  Spetsbergen,' 
16th  Dec,  1867,  published  in  the  'Ofversigt  af  Kongl. 
Vetenskaps  Akad.  Forbandlingar,'  Stockholm,  1868,  and  also 
in  a  more  recent  publication  in  English, '  On  Diatoms  from 
the  Arctic  Sea,'  Stockholm,  1873,  in  which  frequent  reference 
is  made  to  forms  from  Spitzbergen. 

The  gatherings  placed  in  my  hands,  so  far  as  those  are 
concerned  in  which  diatoms  occurred,  were  exclusively 
marine,  so  that  I  could  pursue  the  track  only  of  Professor 
Cleve,  and  that  only  in  respect  to  the  marine  forms  described 
by  him  in  the  two  treatises  referred  to ;  and,  considering  the 
limited  nature  of  the  available  material,  with  most  satisfactoiy 
results, 

Cleve  calculates  the  number  of  diatomaceous  species 
hitherto  discovered  within  the  entire  range  of  the  Arctic  Sea 
at  181.  These  Spitzbergen  gatherings  of  Rev.  Mr,  Eaton 
yielded  no  less  than  92 ;  of  these  the  following  have  been 
noted  by  Professor  Cleve : 
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I  Achnanthidiwm  arcticum,*  Cleve. 
Amphiprora  mlsschioides,*  ClcYe, 

„  loJiffa,*  Cleve. 

Amphora  granulata,  Greg. 
I  J,       cymbifera,  Greg. 

L         „       lanceolata,-\  Cleve. 
K         J,      proletis,  Greg. 
>  Biddulphia  aurila,  Lyng. 
Campylodiscus  angularis,  Greg. 

CocconeU  cosiata, Greg,,  =  C.pacifica,  Grun,,  =  C.  Arekeri, 
O'M. 
decipiens,*  Cleve. 
acutellum,  Ehr, 
^'Coscitiodiscus  radiatus,  Ehr. 

aculus  iridis,  Ehr. 
exeentricua,  Ehr. 
aubtilU,  Ehr. 
^hora  macilenta,  W.  Sm,  =  G.  oceanica,  var. 
mapi/en/a,  Grun, 
arciica*  Cleve. 
^avteuib  arc/ica,*  Cleve. 
BomiKs,  Ehr. 
direcia,  W.  Sm. 
asliva,  Donk. 
fusca,  Greg, 
iyra,  Ehr. 
j)innu/arta,f  Cleve, 
psgmeea,  Kutz. 
Smithii,  Breb. 
tfilzachia  angularis,  W.  Sm. 
constncla,  Kiitz. 
dislana,  Greg. 
macilenta,  Greg, 
sodalia,  Greg. 
thabdonema  arcuatum,  Lyngb. 
„  Toj-ei/ii  *  Cleve. 

Pleurosignia  angulatum,  W.  Sm. 
delicatulum,  W.  Sm. 
intermedium,  W.  Sm. 
naviculaceum,  Br^b. 
longum,'*  Cleve. 
L  &auroneis  puZcAa/Za  =  .S/.  aapera,  Cleve,  Navicula  aspera, 
\  Ehr.  and  Donk. 

■  £^er^ra  Kamscatica,  Grun. 

thalassothrix,*  Cleve. 
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Surirella  fasiuosa,  W.  Sm.  =  Novilla  fastuosa,  Cleve. 

Sysiephania  anglica,  Donk.,  possibly  =  *  TltalossoBtra 
Nordenskioldii,  Cleve, 

Those  marked  with  an  asterisk  are  new  forms  described 
by  Cleve  in  his  work  '  On  Diatoms  from  the  Arctic  Sea,'  to 
which  those  interested  on  the  subject  are  referred  for  further 
information.  I  may  be  permitted,  however,  to  make  a  few 
remarks  concerning  two  of  them,  namely,  Amphiprora  longa 
and  Navicula  {Amphiprora  ?)  arctica — the  author  is  doubtful 
to  which  genus  the  latter-named  species  belongs. 

Amphiprora  longa  seems  to  me  to  bear  a  very  strong 
resemblance  to  Amphiprora  lepidoptera,  Greg.  ('  Diatomaceie 
of  the  Clyde,'  PI,  xii,  fig.  59) ;  so  much  so  that  I  should  be 
almost  disposed  to  consider  it  identical  with  that  species. 

Of  Navicula  arctica  I  have  found,  as  I  suppose,  some  few 
specimens ;  at  least,  they  so  closely  resemble  in  shape  and 
general  character  of  the  striation  that  figured  by  Cleve  under 
that  name  that  I  would  consider  them  scarcely  distinct, 
although  there  is  this  diflTorence  between  them,  that,  while  in 
Cleve's  form  the  inner  band  curves  inward  towards  the  central 
nodule,  in  my  specimens  the  same  band  bends  nearly  parallel 
with  the  curvature  of  the  external  margin  of  the  frustule,  as 
shown  in  PI.  VIII,  fig.  1. 

The  species  thus  marked  f  in  the  above  list,  namely,  Gram- 
matophora  arctica.  Amphora  lanccolata,  and  Navicula  pinttu- 
laria,  are  very  distinct  and  beautiful  forms,  described  and 
figured  in  papers  of  Cleve  written  in  Swedish,  and  therefore 
unavailable  to  the  generality  of  English  students ;  I  therefore 
take  the  liberty  of  figuring  them,  and  the  rather,  as  I  wish 
to  supply  some  additional  particulars  concerning  them. 

Grammatophora  arctica,  Cleve, "  Diatomaceer  fran  Spets- 
bergen,"  '  Ofversigt  af  Kongl.  Vetenskaps  Akad.  Forhandlin- 
gar,'  Stockholm,  1868,  p.  664,  Taf,  xjtiii,  fig.  1,  is  of  very 
frequent  occurrence,  as  are  also  the  other  two  forms  just 
noticed.  Cleve's  figure  of  the  side  view  presents  no  ap- 
pearance of  striation ;  in  some  of  my  specimens  the  striEB  are 
moniliform,  as  in  PI,  VIII,  fig.  3  b. 

Amphora  lanceolata,  Cleve,  ,'  Diatomaceer  fran  Spets- 
bergen,'  Taf.  xxiii,  fig.  2,  is  described  as  having  persistent 
costte,  only  becoming  very  faint  as  they  approach  the  median 
line ;  in  the  very  many  specimens  which  came  under  my 
notice  the  median  line  is  more  strongly  developed  than  in 
Cleve's  figure,  and  a  considerable  portion  of  the  valve  in  its 
proximity  is  quite  free  fiom  strise,  as  shown  in  PI. VIII,  fig.  3. 
These  specimens  frtmi  Spitzbcrgen  agree  in  all  respects  with 
some  of  the  same  Bpecies  found  Xjy  me  ma.-n.^  -^tats  ago  in  a^ 
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gatheriag  from  Jamaica,  a  fact  which  shows  how  indepen- 
dent these  forms  are  of  chmatial  influences. 

Navicula  pinnularia,  Cleve,  "  Om  Svenska  och  Noreka 
Diatomaceer,"  '  Ofversigt  af  Kongl.  Vetenskaps^Akad.  For- 
haudlingar;  Stockholm,  1868,  p.  2^4,  Taf.  ir,  figs.  1  and  2. 
Of  this  species  I  found  in  the  gatherings  under  consideration 
two  well-marked  varieties,  one  just  ae  figured  by  Cleve,  the 
other  a  much  narrower  form,  and  with  finer  striae,  which  I 
have  given  in  fig.  4, 

Concerning  the  forms  in  the  preceding  catalogue  I  have 
further  to  remark  that  Synedra  Kamscatica,  Grun.,  'Die 
Osterreichischcn  Diatomaceen,'  p.  404,  Tab.  viir,  fig,  6,  is  of 
very  frequent  occurrence,  but  the  valve,  instead  of  being 
bowed  as  Grunow  figures  it,  is  invariably  straight.  It  is  also 
much  larger,  but  in  alt  other  respects  identical.  In  the 
middle  of  the  valve,  where  the  strife  fail,  there  ia  a  slight 
thickening  of  the  margin  on  either  side,  and  this  feature  is 
observable  in  the  f  as  well  as  in  the  s  v,  (PI.  VIII,  fig.  5.) 
This  species  is  at  first  view  liable  to  be  confoimded  with 
Synedra  tabulata,  hut  it  is  more  slender,  the  strife  very  much 
finer,  and  the  middle  of  the  valve  is  destitute  of  strife. 

In  addition  to  the  forms  included  in  the  foregoing  list 
several  species  occurred  already  described,  but  not  included 
in  Cleve's  enumeration  of  Diatoms  from  the  Arctic  Sea,  viz. : 
j  Amphora  crassa,  Greg. 

costata,  Greg.,  not  W.  Sm. 
lavis,  Greg. 
robust  a*  Grag. 
lyrala,  Greg. 
proboscidea,*  Greg. 
'Anphiprora  alaia,*  Kiitz. 
coat  at  a,  O'M. 
ia  arraniensis,  Grev, 

binotaia,  Grun.  =  C.  sculellum,  var.  Roper, 
coronata,  Brightw. 
distant,  Greg, 
fimbriata,  Ehr. 
major,  Greg. 
nilida,'  Greg. 
omaia*  Greg. 
pseudomarginata,'  Greg. 
splendida*  Greg, 
P'fJotciiUidiscus  lineatus,  Ehr. 
radial  a  tus,  Ehr. 
Tonkinia  compact  a,  Ilalfs. 
M'Epithernia  constneta,  W.  iSm, 
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Grammalop/iora  maritta,"  Kiitz. 

„  maxima.  Gran. 

„  serpentina,'  Ealfs. 

Navicula  Crabro,  Ehr. 

„         elegana,  W.  Sm. 

„        pusilla,  W.  Sm. 

„         rhombica,  Greg. 

„        tcopvlorum,  Kiitz. 

„        didyma,  Ehr. 

„  „       var.  Y,  Greg. 

NitZ8ikia  bilobata,  W.  Sm. 

„         lanceolata*  W.  Sm. 

„        parvula,  W.  Sm. 

„        perpusilla,  Grun. 

Pleurosigma  slrjgosum,  W.  Sm. 

Podocyatis  adriatica  =  Surirella  adriatica,  Kiitz, 

Podosira  hormoides,"  Kiitz. 

Synedra  nitzschioides,  Gnin. 

Concerning   Podocystis  adriatica,  Grunow,  '  Die   Oster- 

reichischen  Diatomaccen/  p.  467,  observes  that  this  species 

had  not  come  under  his  notice  from  either  the  North  Sea  or 

the  Atlantic  Ocean.    Many  years  since  I  found  it  in  abundance 

on  a  specimen  of  Grinnellia  Ameripana,  gathered  from  the 

Atlantic  Ocean  in  the  vicinity  of  New  York,  and  now  I  have 

found  it  in  these  gatherings  from  Spitzbergcn. 

In  a  note  to  his  work  '  On  the  Diatoms  of  the  Arctic  Sea ' 
Professor  Cleve  alludes  to  a  paper  of  mine  published  in  the 
'  Journal  of  the  Eoyal  Dublin  Society,'  July,  1860,  contain- 
ing a  list  of  diatoms  found  by  me  in  gatherings  made  in  the 
Arctic  Sea  by  Sir  Leopold  McClintock,  and  mentions  that 
thirty-seven  of  the  forms  included  in  my  catalogue  had  not 
occurred  in  any  of  his  samples  from  that  region.  It  is  with 
much  gratification,  therefore,  I  have  to  notice  that  eleven  of 
these,  viz.  those  marked  with  an  asterisk,  have  occurred  in 
these  gatherings  of  Rev.  Mr,  Eaton,  and,  for  the  moat  part, 
in  such  numbers  as  to  leave  little  doubt  of  their  being 
indigenous, 

Cocconeis  binotata,  C.  coronata,  and  C.  jimbriata,  seem 
almost  cosmopolitan  forms,  I  have  found  them  in  collections 
from  various  parts  of  the  Indian  Ocean,  not  unfrequently  on 
the  West  Coast  of  Ireland,  and  now  also  in  the  neighbour- 
hood of  Spitzhergen. 

The  specimens  of  Navicula  didyma,  var.  y,  Greg.  ('  Joum. 
Micr.  Sc.,'  vol,  iv,  Fl.  v),'fig.  16,  were  of  very  frequent  oc- 
currence. I  cannot  but  think  this  form  is  entitled  to  rank  as 
fl  ^stinci  species.    The  space  a^joxA  X\tc  m^ilva.^  Viae  exijai 
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on  both  sides  so  as  to  include  a  somewhat  rhomboid  area, 
very  different,  indeed,  from  the  outline  of  this  same  space  in 
Navicula  didyma.  This  peculiarity  appears  in  the  speci- 
mens I  have  obtained  in  various  parts  of  Ireland,  as  also  in 
all  the  very  numerous  forms  that  came  under  observation 
while  examining  these  collections  from  Spitzbergen.  In  ad- 
dition to  this  striking  peculiarity,  the  character  of  the  strise 
differs  from  that  of  N.  didyma,  being  greatly  coarser  than 
they  are  in  that  species.  I  would  suggest  that  the  form 
should  be  named  Navicula  Grefforiana. 

Over  and  above  the  forms  included  in  the  two  foregoing 
lists  the  following  came  under  notice,  which  appear  to  me 
not  to  have  been  hitherto  described : 

Asierionella  Cleviana,  n.  s.,  PI,  VIII,  fig.  6. — Length  of 
valve  "0036 ;  the  lower  end  small  and  roundish ;  the  upper 
end  much  larger  and  somewhat  rhomboid  in  its  outline ; 
strisD  marginal,  costate.  Several  specimens  of  this  occurred, 
always  single,  as  might  have  been  expected,  so  that  I  am  not 
quite  certain  that  I  have  assigned  the  form  to  its  proper 
genus. 

Amphora  Eatoniana,  n.  s.,  PI.  VIII,  fig.  7. — Length  of 
valve  "0056 ;  breadth  '0010 ;  ends  not  produced ;  broadly 
rounded;  dorsal  margin  strongly  arched;  ventral  margin 
slightly  expanded ;  expansion  rounded  ;  median  line  strongly 
marked,  inclining  inwards  in  an  angle  at  the  central  nodule, 
and  gently  curved  towards  the  dorsal  margin  at  either  side. 
Three  longitudinal  lines  divide  the  valve  into  four  com- 
partments on  the  dorsal  side  of  the  median  line.  The  two 
nearest  to  the  median  Une,  like  it,  are  doubly  arched,  and  in 
the  same  direction,  except  that  they  bend  downwards  at  tho 
middle  towards  the  central  nodule.  The  third  line  is  gently 
arched  nearly  in  the  direction  of  the  dorsal  margin,  and 
anastomoses  with  the  second  some  distance  from  the  ends  of 
the  latter.  The  striie  are  finely  costate,  and  appear  on  all 
the  valve  except  the  portion  included  between  the  second 
and  third  longitudinal  lines.  There  are  also  two  small  un- 
striated  spaces  included  between  the  ends  of  the  first  and 
second  longitudinal  lines.  This  is  a  very  beautiful  and 
peculiar  form,  to  which,  with  much  gratification,  I  give  the 
name  of  the  gatherer.  Rev.  A.  E.  Eaton. 

Amphora  Leighsmithiana,  n.  s.,  PI,  VIII,  fig.  8. — Length 
of  valve  '0058;  breadth  "0008;  dorsal  margin  slightly  arched, 
nearly  linear  in  the  middle;  ventral  margin  nearly  linear, 
slightly  incurved  at  the  middle ;  ends  attenuated ;  median 
line  strongly  developed,  slightly  arched  towards  the  dorsal 
rgin;    central  noduie  small,  but  well  defiuad.     StwR 
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strongly  costate,  distant.  This  form  at  first  view  might  H 
confoanded  with  Amphora  cymbifera,  but  the  cosine  in  that 
species  are  very  much  finer  and  closer  than  in  the  present. 

Navicula  Archeriana,  n.  a.,  PI.  VIIIj  fig.  9. — Valve  con- 
stricted ;  length  "0036 ;  greatest  breadth  'OOIS ;  breadth  at 
constrictor  '0008,  Stria  marginal  costate,  parallel  in  the 
middle,  slightly  radiate  towards  the  apices.  A  longitudinal 
line  on  either  side  of  the  median  line  divides  the  inner  portion 
of  the  valve  into  three  compartments  without  strife.  This 
form  had  heen  previously  found  hy  me  in  Ireland,  namely, 
in  gatherings  by  Professor  E.  Perceval  Wright  at  the  Arran 
Islands,  and  also  in  the  stomachs  of  Ascidians  from  the 
Coasts  of  Clare,  as  well  as  in  stomachs  of  Ascidians  collected 
in  Roundstone  Bay,  Co.  Galway,  by  A.  G.  More,  Esq. 

Navicula  nebuhsa,  var.,  PI.  VIII,  fig.  10. — Valve  ellip- 
tical ;  length  ■0032  ;  breadth  -0015.  Marginal  stria;  obviously 
costate,  not  of  uniform  length  as  in  Navicula  nebuloaa,  Greg., 
hut  short  in  the  middle  and  parallel,  gradually  lengthening 
towards  the  apices,  and  again  becoming  shorter  as  they  ap- 
proach the  apices.  Median  line  well  defined,  slightly  en- 
larged towards  the  central  nodule ;  on  either  side  of  median 
line  and  close  to  it  there  is  a  faint  longitudinal  line ;  between 
this  latter  and  the  marginal  band  of  costate  strise  the  valve 
is  marted  with  fine  moniliform  striaj  radiately  arranged.  In 
Nov.  nebuhsa,  with  good  illumination,  similar  striie  may  be 
detected,  but  they  are  parallel,  and  extending  not  more  than 
half  way  between  the  marginal  hand  of  strias  and  the  median 
line,  A  row  of  strong,  short  costa;  extends  along  the  longi- 
tudinal lines  from  the  apices  about  one  quarter  the  length  of 
the  valve ;  near  the  apices  they  are  short,  gradually  increase 
in  length,  and  then  diminish  till  they  vanish.  Although 
this  fdtm  in  its  main  features  so  strongly  resembles  Navicula 
nebtilOsa  that  it  could  scarcely  he  considered  distinct  from  it, 
yet  the  peculiarities  I  have  noticed  are  such  as  are  worthy  of 
special  attention. 

Syhedra  arctica,  n.  s.,  PI.  VIII,  fig.  11. — Valve  expanded 
at  the  middle  and  ends;  length  '0052 ;  striie  marginal, 
finely  costate.  The  valve  on  front  view  is  linear,  with  a 
slight  expansion  at  the  ends ;  stria)  marginal.  This  peculiar 
and  well-marked  form  occurred  with  tolerable  frequency. 

I  have  only  to  add  that  some  specimens  were  found  of  a 
fotth  which  at  first  I  was  disposedto  consider  new,  but  which, 
upon  morB  mature  consideration,  I  think,  is  not  unlikely 
identical  with  Navicula  Auklandica,  Grun.  I  was  unable  to 
obtain  a  front  view,  so  cannot  say  whether  the  strifb  On  the 
connective  meinbrane  noted  \ly  Gi\mov«  m  N.  AufeCdi 
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were  present  or  not.  Although  on  the  side  view  the  form, 
as  figured  by  Grunow,  differs  from  mine,  still,  in  most 
respects,  the  form  under  consideration  corresponds  with 
GrunoVs  description,  "  Uehcr  elnige  neuc  und  ungenugeiid 
bekannt-e  Arten  und  Giattungen  von  Diatomaceen,'  '  Ver- 
handl.  dcr  K.  K.  Zool.  Rot.  Gesel.  Wien.,'  Band  xiii,  1863, 
p.  151,  Taf.  V,  fig.  14.  In  Granow's  fif^ure  the  outline 
sufficiently  resembles  that  of  mine,  PI.  VIII,  fig.  12,  but 
the  median  line  is  straight ;  in  mine  it  is  doubly  arched. 
The  striffi  are  of  uniform  length  throughout,  slightly  radiate, 
not  reaching  the  median  line,  but  forming  a  tolerably  broad 
longitudinal  space  in  the  middle  of  the  valve.  In  my  form 
the  sttite  run  up  to  the  median  line,  except  at  the  middle, 
■where  they  form  a  tolerably  large  free  space  round  the  central 
nodule.    They  are  parallel,  rounded  off  towards  the  margin. 


On  Clavopoiia  hystkicis — a  New  Poltzoon  belonging 
to  the  Family  Halcyon eli.e^.  By  G.  Bosk,  F.R.S., 
F.R.M.S.     With  PI.  IX. 

The  curious  form  here  described  was  procured  during 
the  expedition  of  the  Porcupine  in  the  Mediterranean  from 
deep  water  off  the  African  coast,  aud  was  kindly  submitted 
to  me  for  examination  by  Dr.  Carpenter. 

From  the  inspection  of  a  single  specimen  it  is,  of  course, 
difficult  to  determine  whether  or  not  it  represents  the  mature 
growth  of  the  species,  or  may  not  be  regarded  as  a  young 
and  growing  bud.  I  am,  however,  inclined  to  think  that  it 
is  fuU  grown,  from  the  circumstance  that  the  substance 
appears  to  he  completely  differentiated  into  definite  polypidea 
and  tissues.  Amongst  the  latter  the  muscular  seems  to  me 
to  present  such  a  remarkable  peculiarity  that  even  on  that 
account  alone  it  is  worth  while  to  place  a  brief  notice  of  the 
animal  on  record. 

The  growth  is  about  one  eighth  of  an  inch  in  height,  and 
in  the  form  of  a  club,  with  an  expanded  subglobular  head, 
and  it  appears  to  have  been  affixed  to  some  foreign  base  by 
short  radical  fibres.  The  stem  or  peduncle  is  constituted  of 
a  cellular  tissue,  not  unlike  that  of  plants.  In  each  cell  may 
obseived  several  fibres  crossing  it  for  the  most  part  in  a 
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direction  parallel  with  the  longitudinal  axis  of  the  stem. 
These  fibres,  in  many,  if  not  in  most,  of  which  an  elongated 
nucleus  may  be  perceived  at  about  the  middle  of  its  length, 
are  attached  at  either  end  by  a  slight  expansion.  Here  and 
there  one  may  be  perceived  bifurcated,  but  for  the  most  part 
they  are  undivided.  In  general  character  they  bear  so  close 
a  resemblance  to  one  form  of  involuntary  muscular  tissue 
that  it  can  scarcely,  perhaps,  be  doubted  that  they  are  con- 
tractile in  function,  and,  consequently,  that  by  their  agency 
the  Clavopora  is  capable  to  bending  its  stem  in  various 
directions. 

The  club-shaped  upper  extremity,  aa  well  as  can  be  made 
out  in  the  spirit  specimen,  consists  of  cells  similar  to  those  of 
which  the  peduncle  is  constituted,  and  containing  like  them  the 
same  peculiar  contractile  fibres.  The  cells,  however,  in  this 
portion  of  the  polyzoary  are  more  expanded,  and  in  several 
of  them  (fig.  3  a)  may  be  distinctly  perceived  the  body  of  a 
polypide  in  the  contracted  condition,  and  proceeding  from 
it  elongated,  slender,  nucleated  fibres,  representing  the 
retractor  muscles.  I  have  been  unable  to  determine  with 
any  certainty  the  number  of  tentacles  with  which  the  poly- 
pide is  furnished,  but  should  estimate  it  at  from  twelve  to 
fourteen.  The  outer  wall  of  the  cellular  space  or  zoooecium 
presents  an  infundibuliform  depression,  marking  the  point  at 
which  the  polypide  was  protruded. 

From  the  characters  above  given  I  have  little  hesitation  in 
referring  the  genus  to  the  family  of  the  Haley oneUetB,  with 
the  following  diagnosis : 


Class. POLYZOA. 

Order. — Ctenostomata. 
Fam. — Haley  onefletE. 


Gen. — Clavopora,  Bk. 

Zoarium,  simple  claviform,  sub  capitulate,   composed 
distinct  cells,  traversed  by  nucleated  {probably  contractile) 

Sp. — C.  Hystricis.     The  only  species. 
Hah. — Mediterranean  ;  Carpenter. 
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On  the  Etiology  of  Maduila-foot;  Note  by  the  Rev.  M. 
J.  Bekkeley,  M.A.,  F,L.S. 

[The  following  article  appeared  in  the  '  Indian  Medical 
Gazette'  of  April  1,  1874.  Tiie  Rev.  M.  J.  Berkeley  has 
favoured  us  with  a  reply  to  the  objeetions  which  it  raises  to 
the  hitherto  received  theory  of  the  cause  of  the  Madura-foot. 
—Eds.] 

Whilst  perusing  a  particularly  able  essay  in  a  recent 
number  of  the  '  Medico- Chirurgical  Bevicw '  on  the  "  Causes 
of  Epidemics," — an  essay  which  we  heartily  commend  to 
Buch  of  our  readers  as  have  iiot  seen  it, — we  were  not  a  little 
surprised  to  observe  that  a  writer  who,  whilst  manifesting 
suiii  discrimination  as  was  evident  on  every  page  of  this 
Keview,  should  nevertheless  have  cited  "  Madura-foot " 
disease  as  an  example  of  "  lesions  indubitably  dependent  on 
extraneous  vegetable  growths." 

We  were  surprised  because  we  were  aware  that  numerous 
carefully  conducted  experiments  had  recently  been  made  in 
this  country,  with  a  view  of  definitely  ascertaining  whether  any 
evidence  of  special  "  vegetable  growths  "  could  be  detected 
in  connection  with  this  malady.  The  results  of  these  expe- 
riments were  of  an  entirely  negative  character. 

We  are  not  unmindful  of  the  lessons  conveyed  by  the 
numerous  instances  on  record  of  vain  attempts  at  verifying 
statements  regarding  the  existence  of  parasites  where  their 
presence  has  been  established  beyond  doubt ;  nor  of  the  fact 
that  probably  seven-tenths  of  the  profession  regard  the 
etiology  of  "  Madura-foot "  as  satisfactorily  demonstrated. 
Still,  the  evidence  elicited  by  these  experiments  was  so  strong 
as  to  convince  us  that  some  serious  mistake  had  been  made 
before  any  such  views  could  have  been  propounded. 

We  have  recently  received  a  pamphlet  on  the  subject  from 
the  author,  Dr.  H.  Vandyke  Carter,'  hut,  after  careful  study 
of  its  contents,  have  not  been  able  to  alter  our  opinion  in  the 
slightest  degree.  This  pamphlet  and  its  accompanying 
plate  may,  we  presume,  be  taken  as  an  epitome  of  the  author's 
previous  writings  and  drawings  in  connection  with  this 
malady,  doubtless  embodying  also  the  experience  gained 
during  the  dozen  years  or  so  which  have  transpired  since 
his  views  were  first  placed  before  the  profession. 

1  "  Tbe  Parasitic  fungns  of  Mjcetoma,"  bj  H.  Vaudjke  Carter,  M.D., 
*  XianMctious  PRtholDgical  Society  of  Loadoa.'    1873-73. 
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These  views  are  so  well  known  that  it  is  scarcely  necessary 
to  refer  to  them  at  any  great  length.  Suffice  it  to  say  that 
Dr.  Carter  believes  that  he  has  shown  that  the  disease  ia 
caused,  by  a  distinct  fungus — a  peculiar  red  mould,  which 
has  not  been  seen, except  in  connection  with  Madura-foot, 
This  mould  was  first  observed  by  Dr.  Vandyke  Carter  in 
May,  1861,  "upon  part  of  a  diseased  foot  which  had  been 

placed  in  water  for  maceration The  next  occasion  of  its 

occurrence  was  during  the  following  year,  in  the  month  of 
April,  in  connection  with  a  specimen  of  Mycetoma  preserved 
in  spirits ;  and  again,  also  about  the  same  date,  the  mould 
was  seen  on  some  rice  paste  in  which  some  fresh  black  fungus 
particles  had  been  placed,  in  order  to  ascertain  if  they  could 
lie  made  to  grow  artificially." 

It  will  be  observed  that  the  mould  referred  to  as  having 
developed  under  these  varying  conditions  was  identified  as 
one  and  the  same  kind  of  fungus — a  fact  which,  per  M, 
contains  a  sufficient  refutation  of  the  whole  theory ;  for  it  ia 
a  physical  impossibility  that  spores  of  fungi  which  had  been 
preserved  in  spirits  should  retain  their  vitality,  consequently 
the  mould  which  grew  on  the  spirit-preserved  specimen  must 
have  been  of  extraneous  origin  ;  not  only  must  it  have  germi- 
nated after  the  evaporation  of  the  alcohol,  but  it  must  have 
originated  from  some  source  other  than  the  interstices  of  the 
macerated  tissue.  We  are,  therefore,  compelled  to  infer  that 
the  red  mould,  of  various  shades,  described  as  having  spread 
over  portions  of  these  three  and  other  Madura- foot  specimens, 
was  but  some  developmental  form  of  our  ordinary  pink-tinted 
moulds — ^bearing  no  relation  whatever  to  the  black,  yellow, 
or  orange -coloured  particles  frequently  found  in  diseased 
tissues  of  this  nature — no  closer  relationship,  in  fact,  than  a 
crop  of  various  tinted  mould  on  the  surface  of  rice  paste  does 
to  any  coloured  particles  which  may  chance  to  be  in  its 
substance. 

No  mould  with  which  we  are  acquainted,  however,  presents 
the  slightest  resemblance  to  the  pink-coloured  objects  figured 
in  the  plate,  purporting  to  represent  "  the  structure  of  the 
red  mould  found  in  connection  with  Mycetoma  {Chionyphe 
Carleri)  " — figures,  by  the  way,  differing  materially  &om 
those  appended  to  the  original  text  in  the  '  Bombay  Tran- 
sactions/ or  any  others  which  we  have  seen  elsewhere,  and 
which,  we  presume,  must  be  considered  as  representing 
the  Chionyphe  Carteri  more  accurately  than  the  early  figures. 
So  long  as  the  forms  here  delineated  are  associated  in  the 
mind  with  the  idea  of  moulds,  one  is  certainly  puzzled  to 
account  for  their  presence  ■,  foitunately,  however,  a  sentence 
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in  the  descriptive  text,  attached  to  the  plate,  supplies  ua  with 
a  key  :  the  objects  depicted  are  referred  to  as  representing 
"a  fragment  of  the  new  growth  as  this  appeared  upon  a 
specimen  of  the  foot  disease  placed  in  water  to  macerate," 
and  a  very  good  representation  it  is  of  "  iragments  "  which 
may  very  frequently  be  obtained  in  some  specimens  of  tank 
water  in  which,  however,  no  diseased  foot  need  necessarily 
have  been  macerated. 

Looking  at  the  drawing,  without  reference  to  the  text,  we 
should  describe  the  objects  as  being,  probably,  some  con- 
fervoid  growths,  and  the  "  spore -capsule,"  filled  with  pink- 
coloured  globules,  as  the  encysted  gonidium  of  some  Alga, 
not  very  unlike  the  gonidia  of  Pandorina,  as  figured  in  late 
editions  of  the  '  Micrographic  Dictionary,'  or  Pritchard's 
'Infusoria.'  To  the  Alga  articles  and  plates  of  either  of 
these  volumes,  or,  better  still,  to  some  neighbouring  tank  at 
certain  seasons  of  the  year,  we  refer  our  readers  for  further 
explanation  concerning  the  objects  figured  in  this  plate. 

It  is  with  much  regret  that  we  wnte  in  this  manner  con- 
cerning any  of  the  labours  of  so  industrious  and  accomplished 
an  observer  as  Dr.  Carter  is  known  to  be,  but,  when  we  find 
a  doctrine,  which  we  believe  to  be  altogether  erroneous — 
the  result  of  a  misinterpretation  of  microscopic  appearances — 
used  by  men  of  eminence  (who  themselves  may  not  have  the 
opportunity,  or"possess  the  special  training,  neccssarj'  for  this 
particular  branch  of  study)  as  a  basis  upon  which  to  found 
the  etiology  of  other  diseases,  we  feel  that  the  time  has 
arrived  for  giving  free  expression  to  our  opinion  regarding  it. 

Note  by  the  Rev.  M.  J.  Berkeley. 

It  must  be  presumed  that  the  writer  in  the  '  Indian 
Medical  Gazette,'  who  has  attacked  Dr.  Carter  with  reference 
to  the  fungous  origin  of  the  formidable  disease  known  as  the 
Fungus-foot  of  India,  is  not  acquainted  with  the  botanical 
articles  on  the  cubject  in  the  '  Intellectual  Observer '  for 
November,  1862,  or  more  especially  in  the  '  Journal  of  the 
Linnean  Society,'  vol,  viii,  p.  139,  even  supposing  that  he 
had  an  intimate  knowledge  of  fungi,  or  he  could  not  at  once 
condemn  Dr.  Carter  for  considering  Chionyphe  Carteri  as  a 
fungus  rather  than  an  alga.  I  must,  however,  take  the 
whole  responsibility  on  myself,  as  I  consider  myself  justified 
after  a  most  careful  consideration  of  the  subject,  in  confirming 
Dr.  Carter's  views.  I  have  given  in  detail  an  account  of 
the  points  of  resemblance  between  the  Chionyphe  and  certain 
8aprolegnuE,  and  the  reasons  which  induce  me  to  considez 
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these  curious  plants  as  related  to  Mucorini,  amougst  which 
they  are  less  anomalous  than  they  would  he  amongst  alge. 
The  very  fact  alone  of  the  Chionyphe  being  capable  of  culti- 
vation on  rice  paste  is  almost  sufficient  to  show  what  its  real 
affinities  are,  for  with  the  exception  of  Chrooleput,  which  is 
a  very  doubtful  alga,  no  alga  could  be  so  completely  a  creature 
of  air.  Though  several  undoubted  algae  (without  elimi- 
nating such  as  are  believed  to  be  conditions  of  lichens)  are 
not  immersed,  they  flourish  only  in  situations  where  there  is 
an  abundant  supply  of  moisture.  But  allowing  as  little  as 
possible  for  this  consideration,  no  instance,  as  far  as  I  am 
aware,  has  been  recorded  of  the  possibility  of  cultivating 
algte  o]i  rice  paste,  the  paste  draining  off  its  superfluous 
moisture,  and  no  fresh  fluid  being  added.  I  have  no  infor- 
mation as  to  the  point  whether  the  specimens'  transmitted  to 
me  from  India  were  raised  from  samples  which  had  been 
immersed  in  alcohol.  They  were  perfectly  dry  wlien  they 
came  to  me,  and  fragments  of  the  large  sclerotioid  nuclei,  when 
placed  on  the  paste,  at  once  communicated  to  it  a  red  tint. 
I  know  of  no  observations  which  show  that  the  spores  of 
fungi  would  certainly  be  killed  by  alcohol,  and  I  should  not 
be  surprised  to  tind  that  they  survived  immersion.  There 
is,  however,  no  reason  to  assert  that  the  specimens  sent 
to  mc  had  ever  been  immersed  in  alcohol-  In  conclu- 
sion, I  would  observe  that  there  is  no  other  reason  to  sup- 
pose that  the  Chionyphe  has  any  relation  to  algte,  except  so 
far  as  it  is  related  to  SaproUgnia ;  and  those  persons  who 
have  paid  the  closest  attention  to  fungi,  and  have  at  the 
same  time  made  algas  an  especial  object  of  study,  are  for  the 
most  part  of  one  opinion  as  to  the  affinities  of  these  curious 
aquatic  organisms. 


An  Asexual  Growth  from  the  Pbothallus  of  Ptebis 
Chetica.  By  William  G.  Farlow,  M.D.,  Harvard 
University.     (With  Plates  X  and  XI.) 

While  studying  the  development  of  the  archegonium  in 
the  Polypodiaceee,  in  the  botanical  laboratory  of  the  Univer- 
sity of  ytrassburg,  a  peculiarity  was  first  noticed  in  the  pro- 
thaUus  of  Pteris  crelica  which  seems  to  have  an  important 
bearing  on  the  question  of  the  fern  protballus  in  general. 

The  material  used  was  taken  from  a  pot  in  which  Pterit 
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cretica  and  Aspidium  molle  had  been  sown.  At  the  begin- 
ning of  the  investigation  there  were  a  number  of  seedlings 
of  both  the  above-named  species  which  were  considerably 
advanced  in  growth ;  and  in  addition  there  were  numerous 
prothaili,  from  some  of  which  young  plants  had  begun  to 
grow,  and  others  still  younger  on  which  no  incipient  plant- 
lets  could  be  discovered  with  the  naked  eye.  A  search  was 
Tnade  among  the  latter  for  prothaili  in  a  condition  suitable 
to  demonstrate  the  earliest  stages  of  growth  after  the  fertilisa- 
tion of  the  archegonium.  Some  of  these  prothaili  were 
normally  developed,  having  both  antheridia  and  archegonia, 
from  which  occasionally  an  embryonal  growth  was  seen. 
During  the  search,  however,  numerous  specimens  were  found 
presenting  the  anomaly  of  scalariform  ducts  in  the  substance 
of  the  prothallus  ;  and  such  prothaili,  when  still  further  de- 
veloped, showed  that  the  young  fem-plantlets  produced  by 
them  were  the  result  of  a  direct  budding  of  the  cells,  and 
not  of  the  changes  caused  by  the  act  of  fertilisation  in  a  single 
embryonal  cell.  The  number  of  cases  in  which  the  above- 
mentioned  peculiarity  was  manifested  was  about  fifty ;  but, 
undoubtedly,  the  actual  number  was  greater,  inasmuch  as 
Some  of  the  young  fern -plan  tie  ts  in  the  pot,  which  were  too 
old  to  allow  one  to  say  whether  they  had  been  regularly 
developed  (that  is,  by  growth  from  an  embryo)  or  not,  probably 
belonged  to  the  number  of  those  developed  by  diiect  bud- 
ding. The  shape  of  the  prothaili  was,  as  usual,  more  or 
less  obcordate ;  and  those  in  which  the  anomaly  presented 
itself,  although  variable  in  outline,  were  narrower  than  the 
others.  This  narrowness  may  have  been  only  accidental  and 
the  result  of  crowding  in  the  pot,  as  very  often  happens  in 
the  cultivation  of  ferns.  In  a  single  case  one  side  was 
developed  into  a  sort  of  secondary  prothallus.  The  cells 
of  the  prothaili  were  perhaps  som.ewhat  paler  than  usual ; 
and  those  which,  near  the  concavity  of  the  heart,  are  gene- 
Tally  more  numerous  than  in  other  portions  and  iso diametrical, 
were  here  much  longer  than  broad, — that  is,  longer  in  the 
direction  from  the  centre  of  the  prothallus  towards  the  concavity. 
As  is  well  known,  fern  prothaili  are  generally  heart  or  kidney- 
shaped,  and  the  two  sides  composed  of  a  single  layer  of 
polygonal  cells,  the  centre  of  a  portion  decidedly  thicker  and 
consisting  of  several  layers,  which  we  may  call  the  cushion ; 
and  in  this  last-named  portion  are  situated  the  archegonia, 
while  the  antheridia,  are  much  more  widely  dispersed,  being 
found  also  in  the  lateral  lobes.  As  before  said,  the  most 
striking  feature  of  the  abnormal  prothaili  was  the  presence 
ofascalariformduct  in  thecushion  a  short  distance  back,  of  tW 
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concavity,  just  where  the  archegonia  are  generally  founffT 
But  wherever  such  scalariform  vesEels  were  present  there 
were  no  tracea  whatever  of  archegonia  to  be  found,  although 
antheridia  were  always  abundant,  as  well  as  the  hairs,  which 
here  fulfil  the  offices  of  roots.  (See  PI.  X,  figs.  1  and  S,  in  which 
a  shows  the  position  of  the  scalarifonn  ducts.)  Aa  may  be 
seen  from  figs.  6  and  9,  the  scalariform  ducts  arise  singly, 
and  are  situated  in  the  central  portion  of  the  tissue  of  the 
prothallus.  They  scarcely  diflfer  in  shape  at  first  irom  the 
adjoining  cells,  which  are  longer  and  relatively  narrower 
than  the  superficial  cells.  The  ducts  increase  by  division  in 
a  direction  parallel  to  the  surface,  so  that,  in  a  longitudinal 
section,  we  find  several  lying  one  above  the  other. 

Another  peculiarity  often,  but  not  always,  accompanying 
the  presence  of  scalariform  ducts,  was  the  formation  of  a 
process  or  outgrowth  in  the  concavity  of  the  ihallus,  as  shown 
m  PI.  X,  figs.  I  and  2.  This  outgrowth  was  variable  in  length, 
often  being  short  and  imbedded  between  the  lateral  lobes,  but 
sometimes  projecting  as  a  narrow  tapering  process.  In  one 
case,  it  was  forked  at  the  extremity.  The  growth  by  means 
of  a  single  terminal  cell  is  shown  in  PI.  XI,  fig.  9.  As  just 
mentioned,  the  existence  of  a  process  in  the  concavity  is  a 
striking  peculiarity,  but  not  quite  a  constant  occurrence, 
like  the  presence  of  scalariform  ducts.  The  first  scalariform 
duct  arises  in  the  prothallus,  as  I  have  just  remarked;  and 
others  soon  appear,  always  in  a  line  between  the  original 
duct  and  the  nearest  point  of  the  concavity.  In  this  way  arises 
an  interrupted  row  of  ducts,  which  may  extend,  when  a 
process  is  present,  nearly  to  its  extremity.  The  cells  sur- 
rounding the  original  duct  soon  assume  the  form  of  ducts 
themselves,  and  thus  a  rudimentary  bundle  is  formed.  It 
happens  rarely  that  two  such  scalariform  ducts  appear  simul- 
taneously in  parts  of  the  prothallus  remote  from  one  another. 
I  only  Kaw  one  such  case. 

It  now  becomes  necessary  to  consider  the  relation  of  the 
scalariform  ducts  to  the  other  cells  of  the  prothallus,  and  this 
must  be  done  by  making  longitudinal  and  transverse  sections 
of  the  region  in  which  the  ducts  lie.  From  such  longitudinal 
sections  (PI.  X,  figs.  6  and  9),  we  see  thafthe  prothallus  forms 
a  compact  tissue  in  which  certain  cells  have  assumed  the  cha- 
racter of  scalariform  ducts,  while  the  others  remain  unchanged. 
From  no  section  made  was  I  able  to  see  any  traceofanarche- 
gonium.  In  two  instances,  when  seen  &om  above,  a  com- 
bination of  four  cells  led  me  to  suppose  that  there  was  some 
fiignification  to  be  attached  to  this  arrangement.  But  as  a 
Jong-itiidinal  section  (El,  X,  fi".  7)^  shows   no   connectu^— 
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between  the  four  surface  cells  (two  of  which  are  seen  at  z) 
and  the  ficalariform  ducts,  I  am  compelled  to  regard  the  two 
cases  as  having  only  accidentally  such  a  Buperficial  cell-con- 
fonnation. 

So  far  the  changes  mentioned  have  taken  place  in  the  plane 
of  the  prothallus  itself.  Now  a  change  occurs  which  pro- 
duces a  growth  in  a  direction  perpendicular  to  the  prothallus, 
and  this  growth  is  easily  distinguiBhed  from  the  usual  embryo 
growth.  A  swelling  is  seen,  generally  on  the  under  surface 
of  the  prothallus,  shortly  after  the  appearance  of  the  scalari- 
form  duct.  This  swelling  is  situated  on  or  very  near  the  Hne 
connecting  the  original  duct  and  the  nearest  point  of  the 
concavity.  When  there  is  a  procesa,  this  swelling  very  often 
appears  near  its  extremity,  as  in  PI.  X,  fig.  2,  b.  When  two 
such  swellings  appear  simultaneously,  they  are  generally 
situated  side  by  side.  In  all  cases,  there  is  seen  behind 
the  swelling  the  scalariform  duct  or  ducts  lying  in  the  sub- 
stance of  the  prothallus  itself.  It  is  impossible  for  me 
to  say  in  which  cells  of  the  prothallus  this  swelling  or 
outgrowth  originates.  Longitudinal  sections  show  no  change 
by  which  the  cells  of  the  outgrowing  portion — which  is, 
in  this  case,  on  the  upper  instead  of  the  lower  surface 
of  the  prothallus  as  is  more  commonly  the  case — can  be 
distinguished  from  the  cells  which  are  to  remain  a  portion  of 
the  prothallus.  From  the  not  unfrequcnt  appearance  of  s 
bursting  through  the  surface,  it  may  perhaps  be  inferred  that 
the  superficial  cells  take  no  part  in  the  growth.  Certainly 
no  particular  mother-cell  or  cells  seem  to  he  the  place  of 
origin  of  the  new  growth,  but  it  seems  to  be  a  direct  continua- 
tion of  the  prothallus  cells,  and  not  a  distinct  organisation 
temporarily  attached  to  it,  as  is  the  case  with  an  embryo 
growth.  This  swelling,  to  which  I  have  intentionally  avoided 
giving  the  name  of  bud,  develops  and  shows  all  the  character- 
istics of  a  fern  leaf,  and  is,  in  fact,  not  a  stem,  hut  a  true 
leaf.  When  it  arises  on  the  under  surface  of  the  prothallus, 
this  leaf  grows  forwards,  curves  round  the  border  of  the 
concavity,  and  raises  itself  into  the  air,  as  in  PI.  X,  fig.  4,  b. 
When  two  such  swellings  occur  by  the  side  of  one  another, 
one  generally  grows  from  the  upper,  the  other  from  the 
under  surface  of  the  prothallus,  as  in  PI.  X,  fig.  5.  In  the 
meanwhile,  there  appears  on  the  base  of  the  leaf,  or  on 
what  is  now  bo  far  differentiated  that  it  is  evidently  the 
leaf-stalk,  a  bud,  which  very  soon  can,  by  means  of  the  cell- 
cap  on  its  end,  be  recognised  as  a  root  (fig.  4,  r).  This 
grows  always  in  a  direction  the  reverse  of  the  leaf;  that 
■-    backwards  away  from  the  concavity.     AEto  X\\b  i^^eas- 
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ance  of  the  root,  a  bud  appears  on  the  base  of  the  leaf-etolE^ 
looking  towards  the  concavity,  aud  from  this  grows  the  stem, 
(fig.  4,  *).  As  a  rule,  the  leaf  is  tolerably  far  advanced 
in  its  development  Itefore  the  root  appears,  and  the  root  in- 
variably precedes  the  stem-bud.  The  terms  forward  and 
backward  with  relation  to  the  concavity  of  the  prothallus  are, 
of  course,  inapplicable  when  the  yonng  plantlet  is  formed  at 
or  near  the  end  of  a  procesB  of  the  character  above  described, 
when  the  leaf  and  root  shoot  out  ad  libitum.  In  all  cases  a 
vascular  bundle  traverses  the  leaf  and  root,  and  these 
are  in  connection  with  the  vascular  bundle  of  the  pro- 
thallus. 

If  now  we  compare  PL  XI,  fig,  10,  with  fig.  257,  in  Sachs's 
'  Lehrbuch  der  Botanik,'  p.  346,  which  represents  a  longi- 
tudinal section  of  a  prothallus  and  a  normally  developed 
embryo  attached,  we  shall  clearly  see  that  the  cases  we  have 
been  discussing  differ  widely  from,  the  ordinary  cases  of 
embryonal  growth.  Fig.  10  represents  a  longitudinal  section 
through  the  spot  where  a  young  plantlet,  such  as  we  have 
described,  shoots  out  from  the  prothallus  (p,p),  b  represents 
the  leaf,  r  the  root,  and  s  the  stem-bud,  which  was  cut  a  little  to 
one  side  of  the  median  line.  First,  at  a  glance,  the  figure  in 
Sachs's  'Lehrbuch'  differs  from  fig.  lOin  thefact  that  the  young 
plant  in  the  latter  case  is  so  intimately  connected  with  the  pro- 
thallus that  one  cannot  decide  where  the  one  begins  and  the 
other  ends  J  while,  in  iheformer,  it  is  perfectly  easy  to  trace  the 
outline  of  the  young  fern.  Secondly,  we  have  in  the  formtir  a 
Btructure  known  as  the  foot, y,  by  which  the  developing  fern  is 
separated  from  the  prothallus — a  structure  to  which  we  find 
no  equivalent  in  fig.  10.  Thirdly,  the  vascular  bundle  of  the 
plantlet  is  in  direct  connection  with  vessels  which  lie  wholly 
in  the  prothallus.  Fourthly,  the  order  of  evolution  is  different 
in  the  two  cases.  In  the  one,  the  leaf  arose  first,  as-we  saw, 
and  was  tolerably  well  developed  before  a  root  and  afterwards 
a  stem-bud  made  their  appearance.  In  the  other  the  root 
anticipates  by  far  both  the  leaf  and  stem-bud  in  ila  develop- 
ment ;  and,  in  fact,  the  root  and  stem  are  not  produced  from 
the  leaf-stalk,  but  (and  this  fact  is  not  to  be  learned  from 
the  figure,  but  from  the  accompanying  description  in  Sachs) 
by  the  subdivision  of  a  single  cell  into  four,  one  of  which 
forms  the  foot. 

So  far  as  I  know,  a  budding  similar  to  that  in  the  cases 
described  is  only  mentioned  by  Wigand,'Botanische  Zeitung,' 
Feb.  16,  1849,  and  by  him  in  language  which,  it  must  be 
confessed,  is  not  a  little  obscure: — "Eine  beachtenswertlie 
jErscheinung  begeguete  mii  Vv  e\n\gw\  fi-s.ftwi'jla.ren,  i 
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eine  Sprossenbildung ,  ungefalir  an  der  Stelle  des  Lagers  wo 
das  beblatterte  Fflanzchen  angelegt  wird,  eatspringen  junge 
Vorkeime  von  derselben  Gestalt,  wie  die  Hauptvorkeime  im 
jimgcn  Zuatande,  mit  dem  verschmalerten  Ende  (dem  Spore- 
nende  entsprechend) ,  an  dem  Lager  festaitzend,  spater  rich 
loslosend  und  wie  ein  selbstiindiger  Vorkeim  aich  verhaltcud." 
From  tbe  above  paragraph,  it  would  be,  perhaps,  difficult  to 
say  whether  Wigand  had  seen  anything  similar  to  our  case. 
But,  taken  in  connection  with  his  Tafel  1,  fig.  25,  where  a 
process  in  the  concavity  is  clearly  seen,  it  seems  probable 
that  he  had  seen  a  growth  which  did  not  proceed  from  a 
fertilized  archegonium,' 

The  bearing  of  the  facts  already  enumerated  upon  the 
question  of  the  function  of  the  fern-prothailus  is  very  im- 
portant. Since  the  pubhcation  by  Leszcyc-Suminski,  in 
1848,  of  his  observations  concerning  the  sexuality  of  ferns, 
the  prothallns  has  been  regarded  as  an  organ  intermediarj 
between  the  spore  and  the  fully -developed  plant,  growing 
out  of  tbe  former,  and  bearing  sexual  organs  which  by  mutual 
co-operation  produce  the  latter.  It  has  been  considered  im- 
possible for  a  spore  to  produce  a  fern-plant  directly  without 
the  intervention  of  a  sexual  union. ^  But,  from  the  cases  we 
have  been  considering,  it  is  evident  that  this  process  is  not 
absolutely  necessary,  since  we  have  seen  that  a  young  fem 
can  be  produced  from  tbe  spore  by  a  purely  vegetative  or 
budding  process — a  process  as  clearly  un sexual  as,  for  instance, 
the  production  of  plantlets  on  the  fronds  of  Asplenium  vivi- 
parum.  This  fact  is  an  unexpected  one  for  those  who  con- 
stantly see  unity  and  simplicity  in  nature.  Although  in  by 
far  the  majority  of  cases  the  prothallus  does  bear  archegonia 
whose  embryos  develop  iiito  ferns,  the  monstrosity,  if  so  we 
please  to  call  the  present  cases,  having  once  been  noticed, 
may  of  course  be  expected  to  occur  at  any  time ;  and,  now 
that  the  attention  of  botanists  has  been  called  to  it,  it  may 
prove  not  to  be  rare.     As,  in  the  present  instance,  certain 

I  As  fFir  as  I  am  aware,  no  similttr  eases  are  described  in  any  oE 
Hofmeater'a  writioea ;  but,  on  tbe  autlioritj  of  Dr,  Askenasj,  of  Heidelberg, 
au  example  of  a  aimilar  protballus  was  alinwn  bj  Hofmeiater,  when  pro- 
fessor at  Heidelberg,  to  the  studeuts  in  his  laboratorj.  At  any  rate,  a  fem 
prolhalins  contaioing  one  or  more  vesaels  was  seen  by  him,  and  probably  a 
acautinesa  of  material  prevented  a  furtlier  stndy  of  the  subject, 

'  [Saolis  remarks  that,  like  tbe  thalli  of  Uepatieee,  the  prothalli  of  ferna 
develop  adventitious  branches  from  some  of  their  marginal  cella,  and  this 
takes  place  espeeially  in  Oanmada,  where  the  adventitious  shoota  detach 
themselves,  and  ao  oonatitute  a  means  of  vegetative  propagation.  Appa- 
rently it  is  only  the  tballos  that  ia  produced  in  this  way,  and  not,  aa  in  the 
present  case,  tbe  aseinal  generation. — Ed.] 
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examples  bore  arcbegonia  with  embryonal  outgrowtb,  and 
otherB  only  direct  bud- development,  it  is  of  course  interest- 
ing to  know  whether  the  young  plantlets  of  the  two  kinda  of 
origin  exactly  resemble  one  anotber  in  their  after  develop- 
ment. For  this  purpose,  a  number  of  specimens  evidently 
belonging  to  the  category  of  abnormal  growtha  were  trans- 
planted into  a  pot  where  their  growth  could  be  watched. 
During  a  recent  visit  to  Strassburg  I  examined  the  specimens 
which  had  already  attained  the  height  of  five  or  six  inches, 
and  they  were  sufficiently  well  developed  to  make  it  evident 
that  they  were  plants  of  Pteris  crelica,  not  of  P.  aerrulaia,  a 
had  been  at  first  supposed. 

In  conclusion,  I  would  take  this  opportunity  heartily  to>| 
thank    Professor    De    Bary  of  Strassburg  for  material  an* 
advice  kindly  afforded  during  the  course  of  the  foiegoin 
investigations. 
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to  the  CiLiATA  (with  Plate  XII,  figs.  1—5).  By  E.  Rat 
Lankester,  M.A.,  Fellow  and  Lecturer  of  Exeter  College, 
Oxford. 

Two  years  ago,  at  Naples,  I  found  and  made  sketches  of  a 
very  curious  little  Infusorium,  which  is  sufficiently  remark- 
able to  deserve  record,  though  I  have  but  few  details  of  its 
structure  to  communicate,  and  only  met  with  it  in  one 
"  gathering,"  It  occurred  in  connection  with  a  mass  of  eggs 
of  Terebella  which  I  was  keeping  for  the  study  of  the  develop- 
ment of  that  annelid.  Other  Infusoria — true  ciliale  hetero- 
trichous  forms — were  abundant  in  the  same  vessel  of  sea  water, 
feeding  on  such  of  the  eggs  as  were  in  a  decaying  state.  Some 
of  these  contained  red  masses  which  they  had  engulphed — 
detached  fragmenta  of  the  broken-down  Terebella  eggs.  Others 
were  busy  in  making  their  way  through  slits  in  the  chorion  of 
certain  eggs,  eager  to  enjoy  the  feast  within,  and  some  of  the 
egg-shells  contained  two  or  three  Infusoria  hopelessly  drifting 
round  and  round,  having  eaten  all  the  semi-decayed  egg-yelk 
and  apparently  unable  to  return  by  the  slit  which  had 
admitted  them — most  unquestionable  cases  for  the  founda- 
tion of  elaborate  theories  of  "  beterogenetic  metamorphosis  " 
on  the  part  of  rashly  speculative  nature- philosophers  — 
but  such  as  are  well  enough  known  to  assiduous  students 
of  the   minuter   forms   of  life.      Here   and   there,   among 
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these  swarming  ciliate  Infusoria,  I  observed  the  speci- 
mens drawn  in  PI.  XII,  figs,  1 — 5.  They  were  exceed- 
ingly active,  and  had  to  he  examined  both  lu  the  living  con- 
dition and  after  their  movemeiils  had  been  arrested  by  the 
administration  of  a  trace  of  Osmic  Acid,  in  order  to  ascertain 
definitely  their  characteristics.  Though  having  the  appear- 
ance and  habit  of  a  ciliate  Infusorial),  this  form — for  which  I 
propose  the  name  Torquatella — does  not  possess  any  cilia  at 
all.  The  body  is  oblong,  and  has  the  same  mobility  as  that 
exhibited  by  most  of  the  Ciliata.  At  the  anterior  extremity 
is  placed  the  mouth,  overhung  by  a  capitular  prominence,  or 
upper  lip  (c  c),  as  is  not  unfrequent  in  the  group.  There  is 
a  definite  cuticular  membrane  to  the  body-sac,  but,  contrary 
to  what  occurs  in  most  ciliate  Infusoria,  this  does  not  transmit 
any  delicate  processes  of  vibratile  protoplasm.  There  is  noL 
even  a  ring  of  such  cilia  surrounding  the  oral  region  and 
capitular  prominence,  as  in  Vorticellida,  but  in  its  place  a 
complete  delicate  bell-like  prolongation  of  the  body  wall, 
which  may  well  be  compared  to  an  Elizabethan  frill  or 
plicated  collar.  This  large  collar  quite  overhangs  the 
cephalic  region,  and  reaches  in  front  of  it.  It  is  no  mere 
cuticular  expansion,  but  has  protoplasmic  characteristics, 
being  continually  in  a  state  of  vibration,  alternately  closing 
up  and  expanding  with  a  twisting  movement,  and  exhibiting 
the  same  rapidity  and  regularity  in  this  movement  as  do  a 
series  of  cilia  in  a  similar  position.  In  fact,  the  movements 
of  this  collar  may  be  best  understood  by  comparing  them  to 
the  movement  of  a  series  of  cilia  united  to  one  another  along 
their  length  by  delicate  membrane.  In  figs.  I — 3  the  collar 
is  seen  in  a  quiescent  condition,  when  it  exhibits  obliquely- 
directed  folds.  In  figs.  4  and  5  it  is  seen  at  the  other 
extremity  of  the  stroke,  that  is  to  say,  expanded. 

The  vibrating  collar  of  Torquatella  functions  as  an  organ 
of  locomotion,  and  also  serves  to  bring  food -par  tides  into  the 
region  of  the  mouth.  In  fig.  4,  a  Torquatella  is  sketched  as 
seen  in  active  progression.  Locomotion  is  effected  in  the  an- 
terior direction,  and  consequently  the  cup  or  collar  becomes 
fully  expanded,  its  active  "  beat  "  being  probably  downwards 
and  backwards.  When  the  beat  is  sufficiently  vigorous,  the 
motion  produced  tends  to  prevent  the  collar,  in  its  passive 
recoil,  from  gathering  up  round  the  mouth.  But  when  the 
stroke  of  the  collar  (comparable  to  the  stroke  of  a  cilium)  is 
less  powerful,  ihe  organism  remains  unchanged  in  posiriou, 
and  the  collar  recoils  to  its  full  extent  after  each  beat,  gather- 
ing itself  in  folds  round  the  oral  region.  The  tendency  of 
this  less  violent  movement  will  be  to  bring  a  aeries  of  waves 
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of  water  against  the  oral  surface,  and  consequently  occasional 
food-particles.  The  rounded  maEses  seen  in  figs.  I  and  2 
are  of  an  intense  blood-red  colour,  probably  due  to  foreign 
food-matters.  I  did  not  make  nut,  in  the  few  specimenB 
which  came  under  my  notice,  nucleus  or  vacuoles  ;  it  is  very 
possible  that  more  ample  opportunity  of  observation  would 
have  enabled  me  to  do  so. 

There  is  no  lufusorian  described  which  exhibits  the 
replacement  of  cilia  by  a  vibrating  collar.  In  this  journal, 
in  October,  1871, 1  described  a  curious  minute  parasite  (roin 
the  blood  of  the  frog  (Undulina),  which  seemed  to  be  a 
mouthless  parasitic  Infusortan,  comparable  to  Opalina  (0. 
naidos),  hut  having,  in  place  of  cilia,  an  undulating  mem- 
brane iu  the  form  of  a  crest.  I  have  since  learned  from 
Professor  Leuckart's  report  that  it  has  been  long  known, 
being  the  Trypanosoma  sanguinis  of  Gruby.  Torqaatella  is 
much  more  nearly  alhed  to  the  normal  Infusoria  Ciliata  than 
is  the  minute,  possibly  immature  Trypanosoma  of  the  frog.  It 
isnotparasitic,aQd  has  mouth  and  cephalic  prominence,  in  the 
former  of  wiiicb  characters  it  definitely  indicates  its  affinities 
with  the  one  group  of  unicellular  oi^antsms  which  is  mouth- 
bearing — namely,  the  Ciliata — whilst  in  the  latter  it  presents 
a  special  point  of  agreement  with  particular  genera  of  Ciliata, 
If  the  possession  of  a  mouth  were  taken  as  the  family  mark 
of  the  highest  branch  of  the  Homoblastica  or  Protozoa,  we 
might  class,  under  such  a  group  of  Stomatoda,  the  Ciliata 
(including  some  forms  become  astomatous  by  parasitism),  the 
Calycata  (represented  by  Torquatella),  and  the  Flagellata 
(containing  Noctiluca  and  Peridinium,  and  excluding  forms 
referable  to  the  Algce). 


^■^  years 

^^h  been 

^H  Fol,  w 


On  the  Heart  of  Appendictilaria  fdrcata  and  the 
Development  of  its  Muscdiar  Fibres.  By  E.  Rat 
Lankester,  M.A.,  Fellow  and  Lecturer  of  Exeter  College, 
Oxford.  (With  Plate  XII,  figs.  6—8.) 
Appendicularia  (Fritiilaria)  furcata  of  Gegenbaur  occurs 
not  uncommonly  in  the  spring  on  the  surface  of  the  Bay  of 
Naples.  The  drawings  and  observations  which  I  made  two 
years  since  relating  to  this  species  have,  to  a  large  extent, 
been  anticipated  by  the  very  valuable  work  of  M,  Hermann 
Folj  who  has  described  and  figured  in  a  lavish  manner  several 
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Species  of  the  geiiue.  There  are  some  points,  as  to  the  mode 
of  communication  between  the  exterior  and  the  branchial 
region  of  the  pharynx,  in  which  I  do  not  find  my  notes  quite 
confirmed  by  M.  Foi's  observations,  and  I  hope  to  look 
further  into  that  subject  during  the  present  spring.  But 
at  this  moment  I  may  draw  attention  to  a  structure  in 
Appendicularia  which  has  not  hitherto  been  noticed  by  any 
one  who  has  observed  these  interesting  forms,  excepting  in  a 
note  by  myself  in  the  'Annals  of  Nat.  History,'  1873-  The 
matter  to  which  I  now  allude  is  one  of  histological  interest 
bearing  more  or  less  directly  upon  the  nature  of  transversely- 
striped  muscular  fibre.  It  also  has  a  wider  embryological 
interest,  for  I  shall  point  out  that  an  organ  so  important — 
usually  so  complex — as  the  heart — isin  Appendiculariaformed 
by  only  two  nucleated  cells,  and  actively  functions  whilst 
consisting  of  no  more  than  two  ultimate  units,  corpuscles,  or 
plastid^.  The  figures  6,  7,  8,  in  PI,  XII,  represent  the  heart 
of  A.  Jurcata,  drawn  whilst  under  observation  with  a 
Hartnack's  10,  a  immersion,  the  movement  having  been 
caused  to  cease  and  the  structure  rendered  clearer  by  the 
action  of  a  solution  of  Picric  Acid  allowed  to  flow  under  the 
covering  glass  which  held  the  specimens. 

The  heart  (fig.  6)  is  that  of  a  smaller  and  less  mature 
specimen  than  those  to  which  the  hearts  represented  in 
figs.  7  and  8  belong.  It  consists  of  two  conical  or 
pyramidal  cells  or  nucleated  corpuscles,  each  connected 
to  the  other  along  one  edge  of  its  broad  base  by  fourteen 
delicate  filaments.  During  life  these  filaments  are  kept 
in  rapid  vibration,  corresponding  in  character  to  the  move- 
ment of  cilia,  held  fast  at  each  end,  rather  than  to  any 
movement  of  muscular  fibres  with  which  we  are  familiar. 
The  movement  is  so  rapid  that  during  life  the  separate  fibrils 
cannot  be  seen,  and  the  vibrating  region  connecting  the  two 
conical  cells  has  the  appearance  of  a  membranous  sac.  I  am 
not  certain  that  there  is  not  an  excessively  delicate  mem- 
branous connection  between  the  fibrils,  but  I  failed  to  con- 
vince myself  that  there  is.  Even  in  this  younger  heart  (fig. 
6)  some  of  the  fibrils  are  seen  to  exhibit  an  alternation  of 
light  and  dark  hands,  transversely  disposed.  In  this  trans- 
verse striation  the  fibrilaof  the  adult  heart  exactly  correspond 
with  the  fibrils  of  the  muscular  mass  which  runs  parallel 
with  the  notochord  in  the  flabelliform  tail,  which  structure, 
as  well  as  other  histological  details  of  Appendicularia,  is  most 
satisfactorily  brought  into  clear  definition  and  preserved  for 
future  study  hy  the  use  of  Picric  Acid,  as  above  described, 
followed  by  a  similar  introduction  of  the  clarifying  and  pre- 
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servative  medium,  Glycerine.  This  latter  duid  is  caused  to 
flow  under  the  glass  cover  by  means  of  absorption  along 
one  of  its  sides,  produced  by  a  piece  of  blotting  paper. 

In  the  hearts  of  mature  full-grown  A.  farcata  the 
structure  is  a  little  more  complicated,  as  seen  in  figs. 
1,  8.  In  fig.  7  the  fibrillar  part  of  the  heart  is  obscured 
by  the  oesophagus  which  runs  across  this  particular  part, 
and  has  not  been  displaced  in  the  slide  from  whiuh  the 
drawing  has  been  made.  Fig.  8  shows  but  one  heart-cell, 
with  its  connected  fibrils.  There  are  thirteen  fibrils  in 
the  former  of  these  hearts,  and  twelve  in  the  latter.  The 
variation  in  their  nutnber  can  have  no  significance.  In 
fig.  7  they  are  most  clearly  seen  to  arise  from  one  edge  only 
of  the  broad  base  of  each  heart-cell,  and  to  leave  the  rest  of 
the  margin  free.  As  an  addition  to  what  was  observed  in  the 
smaller  heart,  there  are  now  present  small  secondary  cor- 
puscles, lying  at  the  base  of  the  fibrils,  sometimes  between 
two,  sometimes  closely  embracing  two  or  three.  These 
small  secondary  corpuscles  («, «)  are  not  nucleated  cells,  and 
it  is  not  easy  to  form  an  idea  as  to  the  mode  of  their  origin. 
They  are  not  indicated  in  the  earlier  condition  of  the  heart, 
and  it  is  clear  that  they  are  not  the  morphological  equivalents 
of  the  two  large  conical  heart-cells.  One  cannot  be  sure  that 
the  condition  represented  in  figs.  7,  8  is  the  final,  adult 
heart, — a  strange  reduction  of  that  organ  if  it  be  so,  since  it 
has  not  even  a  tubular  structure  or  cavity,  still  less  are 
there  vessels  connected  with  it.  It  is  simply  a  most  vigorous 
chum,  beating  and  stirring  up  the  fluid  in  the  great  peri- 
visceral hEemolymph  space  without  propelling  it  in  any 
particular  direction. 

The  reduction  of  the  number  of  the  constituent  cell- 
elements  or  plastid-units  in  such  small  organisms  of  elaborate 
organisation  as  are  the  Appendiculariie  and  the  Rotifera, 
may  help  to  make  clear  some  of  the  processes  of  growth  and 
development  in  organisms  generally.  To  what  extent  can 
this  reduction  be  carried  ?  May  we  not  possibly  even  arrive 
at  a  stage  in  retrogressive  metamorphosis  where  cells  no 
longer  differentiate  at  all  ?  Are  we  not  prone  to  assign  too 
important  an  office  to  the  plastid,  even  as  an  element  in  com- 
plexity of  organisation  ?  The  living  matter  of  the  organism 
IS  what  develops  and  elaborates  structure;  its  segregation 
into  a  greater  or  less  number  of  corpuscles  is  a  simple  effect 
of  the  relations  of  bulk  and  cohesion.  At  the  same  time  the 
limits  of  size  on  the  side  of  minuteness  which  can  be  presented 
by  the  higher  types  of  organisms  seem  to  be  iletermined  by 
the  impossibility  of  reducing  the  number  of  constituent  units 
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beyond  a  certain  point.  After  this  point  the  typical  organic 
sation  itself  is  no  longer  maintained.  The  Rotifera  are 
reduced  to  the  smallest  possible  size  compatible  with  their 
high  organisation.  The  smallest  exhibit  loss  of  organs  (e.  g. 
the  ciliated  canals)^  and  appear  to  be  at  the  extreme  point  in 
reduction  of  the  number  of  plastids^  whilst  Appendicuiaria 
furccUa  is  in  a  similar  condition  among  Notochordate 
Pharyngobranchiata. 


7^  Anatomy  of  the  Lymphatic  System.  By  E.  Kleih,  M.D., 
Assistant -Professor  at  the  Laboratory  of  the  Brown  Ineti- 
tution,  London.  Part  I.  TIte  Serous  Membranes  (with 
ten  plates),     London:  .Smith  and  Elder,     1873. 

This  valuable  memoir  is  doubtless  one  of  the  most  impor- 
tant contributions  made  to  histology  within  the  past  year. 
We  are,  however,  relieved  from  the  necessity  of  giving  a  very 
elaborate  notice  of  the  contents,  since  a  portion  of  the  work 
has  already  appeared  in  our  journal  ('Quar.  Jour.  Micro. 
Sci.,'  1S72,  p.  142). 

It  deals  partly  with  the  normal,  partly  with  the  patho- 
logical conditions.  As  regards  the  normal  conditions  the 
following  summary  is  given  by  Dr.  Klein  : — "  The  attention 
of  histologists  has  been  chiefly,  if  not  wholly,  directed  to 
three  questions — (1)  the  distribution  of  the  lymphatic  vessels 
in  the  serous  membranes;  (2)  the  origin  of  the  lymphatic 
capillaries  from  the  lymph -canalicular  system  of  Keckling- 
hausen ;  and  (3)  the  free  communication  between  the 
lymphatic  vessels  and  the  serous  cavity  by  means  of  stomata. 
The  description  refers  to  the  minute  structure  of  the  omen- 
tum, the  centrum  tendineum  of  the  diaphragm,  and  the  pleura 
mediastini." 

The  first  chapter  treats  of  the  endothelium  of  the  free  sur- 
face of  the  serous  membranes.  The  most  noticeable  point 
here  is  the  normal  germination  of  endothelium  observed  by 
Dr.  Klein  in  the  peritoneum  of  guinea-pigs,  cats,  dogs,  and 
monkeys.  In  the  fenestrated  portion  of  the  omentum  are 
seen  on  the  surface  of  the  trabeculie  "  small  groups  of  club- 
shaped  or  polyhedral  granular  cells,  projecting  from  the 
surface  of  the  trabecular  like  buds."  These  appearances  are 
seen  in  healthy  organs,  though  they  become  more  abundant 
and  strongly  marked  in  acute  or  chronic  inflammation.' 

'  Similar  features  m  Itii;  bunian  omentum  were  described  in  a  paper 
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In  the  second  chapter  are  discussed  the  cellular  elements 
of  the  ground- substance  or  eonuectiTe-lissue-corpuscles, 
These  are  describeii  as  flat  brauched  cells  lying  jMrallel  to 
the  surface,  and,  as  shown  by  RoUett,  in  the  cornea,  the  lymph 
canalicular  system  corresponds  to  these  cells.  Spherical  or 
lymphoid  cells,  of  which  all  intermediate  sizes  exist,  from  a 
rounded  nucleus  with  a  thin  zone  of  protoplasm  up  to  those 
which  are  twice  as  large  as  a  common  colourless  blood- 
corpuscle  are  seen  in  the  lymph  caualicular  system.  The 
origin  of  fatly  tissue  is  illustrated  partly  by  a  description  of 
a  gelatinous  body  which  lies  in  the  infra-orbital  fossa  of 
young  rabbits,  and  which  is  composed  of  rudimentary  adipose 
tissue  or  mucous  tissue. 

It  is  not  easy  to  give  a  condensed  account  of  Dr.  Klein's 
observations  on  the  lymphatic  vessels  of  the  serous  mem- 
branes, which  form  the  subject  of  the  third  chapter.  The 
essential  points  have,  however,  been  aheady  stated  in  this 
journal,  in  the  article  before  referred  to. 

With  regard  to  blood-vessels.  Dr.  Klein  holds  that  new 
capillaries  are  formed  from  those  previously  existing  both  by 
the  continuous  excavation  of  the  branched  cells  connected 
with  their  walls,  and  are  also  formed  in  an  isolated  manner 
in  the  branched  cells  themselves,  becoming  united  ultimately 
with  the  existing  capillaries.  This  method  is  similar  to  that  first 
pointed  out  by  Strieker  in  the  new  formation  of  blood-vessels 
in  the  tadpole  and  in  inflammation,  which  was  iiftenvards 
confirmed  by  Arnold. 

We  cannot  here  enter  upon  the  pathological  relations,  but 
they  illustrate  in  a  surprising  manner  the  normal  anatomy  of 
the  parts,  and  supply  fresh  example,  if  any  were  needed,  of 
the  close  connection  of  physiology  with  pathology. 

We  may  also  point  out  that  many  of  these  observations 
have  more  than  a  professional  or  pathological  interest.  The 
morbid  changes  of  the  cell -elements,  which  he  describes  and 
figures  in  great  detail,  are  of  the  highest  importance  for  the 
general  question  of  the  vital  phenomena  of  protoplasm. 
Moreover,  the  full  account,  such  as  we  now  have,  of  the 
histology  of  the  serous  membranes  of  the  peritoneal  cavity, 
cannot  but  excite  the  attention  of  the  comparative  anato- 
mist, who  will  not  fail  to  recognise  in  many  of  the  structures 
and  processes  of  growth  described  the  counterpart  of  pheno- 

comninnicatfid  to  the  Medical  MiBroscopioal  Society  in  June  of  laat  year. 
See  this  Jaumal  for  1S73,  p.  309  ;  also  '  British  Medical  Joiimul,'  Miircli 
2l3t,  1874. 
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mena  knawn  to  him  among  the  invertehrate  relatives  of  thfe 
Vertebrata,  such  as  Annelida,  Gephyrea,  and  MoIluBca. 

The  work  is  illustrated  by  ten  very  beautiful  plaEes, 
executed  in  Germany,  the  expense  of  producing  which  was 
borne  by  the  Government  Grant  Committee  of  the  RoyaL 
Society.  The  researches  were  conducted  in  the  laboratory  of 
the  Brown  Institution,  under  the  management  of  the  Uni- 
versity of  London.  We  are  glad  to  see  such  valuable  work 
appearing  under  the  auspices  of  these  learned  bodies. 


Cement  for  Konnting  Objects  in  Cells  containiiig  Fluid. — As 
I  have  found  great  convenience  in  the  use  of  the  material  I 
am  about  to  mention,  I  have  thought  others  might  find 
it  equally  convenient  when  they  have  occaaion  to  enclose 
objects  either  microscopic  or  others  in  glass  cells.  The  ad- 
vantage it  possesses  arises  chiefiy  from  the  circumstauce  that 
it  can  be  used  under  water,  or  weak  spirit,  so  that  the  cover 
can  be  affixed  beneath  the  surface  of  the  fluid ;  and  thus  the 
admission  of  air-bubbles  can  be  effectually  prevented.  It 
has  also  the  advantage  of  retaining  its  adhesive  property  for 
several  days  if  requisite. 

The  preparation,  which  may  be  termed  "  caoutchouc  size," 
is  prepared  by  melting  pieces  of  caoutchouc  in  an  iron  or 
porcelain  cup  until  it  is  reduced  to  the  condition  of  a  very 
viscid  tar.  As  this  tar,  however,  in  its  primitive  state  is  too 
viscid  for  use,  it  should  be  dissolved  in  benzine  so  as  to  form 
a  fluid  of  the  consistence  of  thick  gold  size. 

When  spread  over  the  edges  of  the  glass  cell  or  vessel  in- 
tended  to  contain  the  object,  it  should  be  allowed  to  dry  for 
a  quarter  or  half  an  hour,  by  which  time  the  benzine  will 
have  evaporated,  leaving  the  surface  exceedingly  sticky ;  and 
this  stickiness  is  not  impaired  by  immersion  in  water.  Con- 
sequently, if  the  cell  or  vessel  with  its  contents  is  wholly 
immersed,  the  cover  may  be  applied  and  pressed  firmly  in  its 
place  while  still  under  the  surface  of  the  fluid. 

No  other  fastening  is  absolutely  required,  but  it  is  better 
when  the  surfaces  are  dry  to  apply  a  solution  of  shellac  or 
other  varnish  round  the  edge  of  the  cover. — George  Bubk. 

Kode  of  Staining  Animal  Tissues  of  a  permanent  Fiirple-|:re7 
Colour. — Having  from  time  to  time  been  very  successful  in 
staining  some  animal  tissues  of  a  rich  transparent  permanent 
purple-grey  colour,  it  may  be  of  use  to  some  of  your  readers 
were  they  acquainted  with  the  particulars  of  this  staining 
process  which  is  a  very  simple  one,  and  are  as  fdllovfs  v 
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Submerge  the  tissue  to  be  stained,  in  the  necessary  qua^^ 
tity  of  an  ordinary  carmine -staining  fluid,  such  as  either 
Beale's  or  Rutherford's  fluid,  until  it  has  become  of  a  de- 
cided carmine  tint ;  next  drop  into  this  fluid  containing  the 
preparation  a  litlle  of  Draper's'  dichroic  ink  in  the  propor- 
tion of  about  four  drops  of  the  ink  to  each  drachm  of  the 
carmine  stain.  Shake  the  containing  vessel  gently  until  the 
two  fluids  are  thoroughly  mixed. 

The  length  of  time  the  preparation  should  remain  in  thii 
mixed  fluid  will  depend  upon  its  thickness,  and  will  vary 
from  aix  to  twenty-four  or  to  forty-eight  hours. 

When  sufficiently  coloured,  remove  the  preparation  from  the 
fluid  and  waah  carefully  with  either  filtered  or  distilled  water 
until  it  ceases  to  impart  a  tint  to  the  water.  It  is  then  ready 
for  mounting  in  Price's  glycerine. 

I  believe  that  logwood  ia  one  of  the  ingredients  of  the  ink, 
the  true  composition  of  which  is  a  trade  secret.  Possibly 
ordinary  logwood  stain  would  answer  the  purpose  &s  well  as 
the  ink,  but  of  this  I  have  no  experience,  having  found  the 
ink  so  efficacious. 

I  have  some  very  beautiful  preparations  staiued  in  the 
manner  above  mentioned  and  mounted  in  glycerine ;  of  these 
organic  muscle  and  delicate  fascicc  are  probably  the  most 
striking. — B.  Wills  Richardson,  F.R.C.S.L 

Dr.  Berber  on  Synovial  Hembraues. — The  memoir  promised 
in  our  last  number  has  been  withdrawn  by  the  author  (whose 
name  was  printed  by  an  error  as  Reijner},  with  a  view  to  its 
earlier  publication  iu  Germany  and  tlds  country. 

Aotion  of  Fresh  Cholera-X|jeotio&B  upon  AiuiaalB.^H6gyes 
(CentralOlatt  fiir  die  Medicinischen  Wissetischaften,  Nob. 
50  and  51)  states  the  results  of  his  experiments  on  the  action  of 
fresh  cholera-ejections  upon  dogs  and  rabbits.  The  injections 
were  employed  one  and  one  and  a  half  hours  after  passing  from 
the  patient,  The  author  has  found — 1-  That  fresh  cholera-ejec- 
tions act  injuriously  upon  the  aiiimal  organism,  and,  as  it 
seems,  on  different  animals  in  different  degrees.  2.  The  chief, 
or  at  least  most  constant,  phenomenon  of  the  injurious  action 
after  every  form  of  introduction  of  the  cholera-injections,  is  a 
more  or  less  strongly  pronounced  inflammatory  change  of  the 
stomach  and  intestinal  tract.  3.  A  catarrh  of  the  stomach 
or  intestine  artificially  produced  renders  the  animal  more 
susceptible  of  the  injurious  effect.  4.  Inspiration  of  air 
saturated  with  particles  from  n on- disinfected  cholera-ejec- 
'  Mot;  Street,  Dublin, 
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lions  ran  produce  the  same  symptoms  as  tlie  immeiliate 
action  in  the  stomach,  rectum,  or  nervous  system,  whilst  the 
particles  of  cholera- pjecti on s  disinfected  hy  carholic  acid 
appear  to  be  quite  innoxious.  5.  A  current  of  air  carries 
■with  it  small  particles  from  non- disinfected  ejections  with 
■vejietate  rapidly  under  favorable  circumstances,  whilst  the 
fungi  from  cholera -ejections  disinfected  by  carbolic  acid  are 
capable  of  propagation,  6.  Cholera-ejections  freed  from  form- 
elements  can  produce,  by  their  chemical  constituents,  the 
same  pathological  effects  as  with  their  form-elements. — 
W,  Stirling,  D.Sc,  M.B. — Medical  Record. 

Caases  of  Decay  of  Teeth.— These  are  not,  according  to 
Leber  and  Rotlenstein,  internal  or  vital  so  much  as  external 
and  chemical.  The  process  of  decay  befjinsfrom  the  surface, 
and  if  it  can  he  controlled  or  arrested  at  the  surface  it  is 
entirely  controlled.  The  preat  causes  of  caries  are  two — 
viz.,  acids  and  fiingns  found  abundantly  in  the  mouth, 
Leptothrix  huccalis.  This  latter  ag;ent  is  characterised  hy 
cerlain  microscopic  appearances  and  hy  its  reaction  with 
iodine  and  acids,  which  give  to  the  elements  of  leptothri  a 
beautiful  violet  tinge.  Under  the  microscope  the  fungus 
appears  as  a  grey,  finely  granular  mass  or  matrix,  with 
filaments  delicate  and  stiff,  which  erect  themselves  above 
the  surface  of  this  granular  substance  so  as  to  resemble  an 
imeven  turf.  The  fungus  attains  its  greatest  size  in  the 
interstices  of  the  teeth.  No  one  can  deny  nowadays  the 
action  of  even  weak  acids  in  dissolving  the  salts  of  the 
enamel  and  the  dentine,  making  the  enamel,  naturally 
transparent,  first  white,  opaque,  and  milky,  and,  in  a  more 
advanced  state,  chalky,  and  the  dentine  more  transparent 
and  eofler,  so  as  to  be  cut  with  a  knife.  The  acids  which 
may  actually  effect  the  first  changes  in  the  production  of 
caries  are  such  as  are  taken  with  food,  or  in  medicines,  or  such 
as  are  formed  in  the  mouth  itself  by  some  abnormality  in 
our  secretions,  whicb  should  be  alkaline,  or  by  an  acid  fer- 
mentation of  particles  of  food.  Acids  play  a  primary  part, 
making  the  teeth  porous  and  soft.  In  this  state,  the  tissues 
having  lost  their  nurnuil  consistency,  fungi  penetrates  both 
the  canaliculi  of  the  enamel  and  of  the  dentine,  and  by  their 
proliferation  produce  softening  and  destructive  effects  much 
more  rapid  than  the  action  of  acids  alune  is  liable  to  accom- 
plish. Bowditch,  in  examining  forty  persons  of  different 
professions,  and  living  different  kinds  of  life,  found  in  almost 
all  vegetable  and  animal  parasites.  The  parasites  weic 
numerous  in  proportion  to  the  neglect  of  cleauliueas.     The 
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means  ordinarily  employed  to  clean  tlie  liielh  bad  no  effpct 
on  the  parasites,  wbiUt  soapy  water  appeared  tu  destroy 
them.— Lancet,  December  13th,  1873. 

Holman's  "  Siphon  Slide"  for  the  microscope  is  composed 
essentially  of  a  strip  of  plate-glass,  three  inches  by  one  inch 
wide,  but  double  the  usual  thickncBs,  in  the  upper  surface 
of  which  has  been  ground  a  shallow  groove,  elliptical  in  both 
its  transverse  and  longitudinal  section,  and  deeper  towards 
one  extremity.  The  excavation  is  So  arranged  as  to  receive  a 
small  fish,  tadpole  or  trilon,  and  retain  it  without,  on  the 
one  hand,  injury  from  undue  pressure,  but  without,  on  the 
other,  permitting  any  troublesome  movements  beneath  the 
thin  glass  cover,  which,  when  applied,  forms  the  ceiling  of 
the  cell.  The  great  improvement  of  this  slide  eon  sis  Is,  how- 
ever, in  the  imbedding  of  a  small  metallic  tube  (communi- 
cating with  each  extremity  of  the  groove),  in  either  end  oi 
the  slide,  and  the  adaptation  to  these  two  tubes  of  pieces  ot 
slender  caoutchouc  pipe,  about  eighteen  inches  in  length, 
one  of  these  being  intended  for  the  entrance,  and  the  other 
for  the  exit  of  any  fluid,  cold  or  hot,  which  it  might  be  desir- 
able to  employ. 

For  examination  of  larger  reptiles,  and  for  demonstrations 
with  the  gaa-microscope,  a  slide  four  inches  long,  with  two 
oval  concavities,  and  a  narrow  groove  more  deeply  cut  for  the 
body  of  the  creature,  has  been  devised.  With  such  an  appa- 
ratus, through  which  a  current  of  ice-water  can  be  passed, 
the  injurious  heating  effect  which  ordinarily  attends  the  use 
of  calcium  or  electric  light  to  illuminate  living  specimens  is 
entirely  counteracted. 

When  in  use  it  is  only  necessary  to  place  the  animal  with 
some  water  in  the  groove  of  the  slide,  cover  with  a  sheet  of 
thin  glass,  immerse  the  end  of  one  of  the  caoutchouc  tubes 
ia  ajar  of  water,  and  then,  applying  the  mouth  to  the  ex- 
tremity of  the  other  rubber  jiipe,  make  sufficient  suctioi]  to 
set  up  a  flow  of  the  liquid  through  the  apparatus.  The 
stream  of  fluid  (of  course  bathing  the  animal  in  the  cell 
during  its  passage)  can  readily  be  kept  up  as  in  any  other 
siphon  for  hours  or  days,  and  its  rapidity  exactly  regulated 
by  graduated  pressure  upon  the  en  trance -pipe,  so  that  iii 
this  way  a  tritou  may  be  examined  continuously  (as  stated 
by  Dr.  J.  Gibbons  Hunt)  for  a  whole  week  without  material 
injury. 

Among  the  great  advantages  of  this  very  ingenious  con- 
trivance may  be  enumerated — first,  its  security,— the  animal 
being  prevented  from  escaping,  aud  the  joints  of  the  ap; 


rntus  heing  kept  tightly  closed  by  the  pressure  of  the  atmo- 
sphere ;  second,  its  portability, — the  whole  prpparalioii  being 
made  at  home,  carried  to  a  lecture-room  in  the  pocket,  and 
exhibited  to  an  audience  hours  afterwards;  anil  third,  its 
convenience, — tliis  arrangement  permitting  the  removal  of 
the  slide  at  any  time  fiom  the  microscope-stage,  to  make 
way  for  other  experiments,  and  its  instant  readjustment  when 
lesired. 

The  HicroBCOpioal  Society  of  Victoria,  which,  at  this  eavly 
stage  of  its  existence,  has  a  ^omI  meniber-roli,  has  held  its 
first  generii!  meeting  at  Melbourne,  the  president  (Mr.  W.  li. 
Archer)  being  in  the  chair.  A  rich  and  varied  collection  of 
microscopes  and  objects  was  shown  by  members  of  the  society, 
and  during  the  evening  these  exhibits  were  examined  with 
interest.  The  president,  in  delivering  his  inaugural  address, 
explained  that  the  society  would  consist  of  two  classes  of 
]ierBons — viz.  skilled  workers,  who  were  called  members,  and 
students  and  amateurs,  who  were  called  associates.  Mr. 
Archer  went  on  to  aay  that  in  Victoria  there  were  micro- 
sropists  who  were  possessors  of  good  instruments,  and  who 
knew  thoroughly  bow  to  use  them.  The  establishment  of 
this  society,  it  was  hoped,  would  induce  most  of  these  gentle- 
men to  co-operate,  soiiner  or  later,  with  one  another;  for 
though  at  intervals  certain  very  valuable  special  professional 
work  had  been  accomplished  in  Melbourne  and  elsewhere, 
yet  so  far  as  published  results  were  concerned,  not  only 
Victoria,  but  Australia  generally,  was,  microscopically  speak- 
ing, almost  altogether  an  unknown  land.  The  address  was 
followed  by  some  interesting  statements  and  demonstrations, 
and  altogether  the  inaugural  meeting  was  a  very  successful 
one.  The  holding  of  ordinary  meetings  has  commenced,  and 
the  society  appears  to  have  a  useful  career  before  it. — London 
Medical  Record. 

The  Silver  Method. — Dr.  Reyher,  in  his  paper  referred  to 
above  on  the  cartilages  and  synovial  membranes  of  joints,  takes 
occasion  to  discuss  the  value  of  the  silver  treatment  in  similar 
investigations,  and  makes  the  following  remarks  :  — 

"As  is  well  known,  the  usual  interpretation  of  the  images 
obtained  by  means  of  the  silver  treatment  has  been  called  in 
question  by  Schwei^er-Seidel,  and  doubt  has  been  thrown 
upon  the  cellular  nature  of  the  figures  and  appearances  which 
are  produced  in  the  synovial  membrane  by  means  of  this  re- 
agent. His  objections  have  been  fully  answered  as  regards 
other  organs  (e.g.,  the  cornea),  in  which,  with  different 
methods    of  treatment,  corresponding  outlines   are  alw 
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atiainahle.  Whilst  1  nm  fiiinly  convinced  tliat  the  saM^" 
holds  good  with  regard  to  the  synovial  membrane,  it  must  be 
remembered  that,  so  long  aa  neither  the  treatment  with 
chloride  of  gohl  nor  comhiiiod  methods  had  been  employe'l 
in  the  investigation  of  this  tissue,  a  gap  was  left  in  the 
evidence  as  to  the  nature  of  the  silver  outlines,  I  anticipaled 
that  these  methods  would  render  service,  more  especially  in 
bringing  to  light  the  esact  meaning  of  the  large  white 
stellate  fields,  apparently  belonging  to  the  same  category  as 
those  demonstrable  in  the  cornea,  but  as  to  which  it  wa.«  un- 
certain whether  they  belonged  to  groups  of  cells  or  only  to 
siugle  ones.  My  invesiigations  with  respect  to  this  point 
have  bt  en  principally  made  on  the  joints  of  full-grown  sheep 
and  oxen,  the  tarso-meta tarsal  joints  of  which,  and  especially 
of  the  last-named,  yield  marginal  zones  a  finger's  breadth 
wide.  The  sections  were  always  made  subsequently  to  the 
occurrence  of  the  silver  precipitation ;  in  this  way  the  clearest 
images  are  obtained,  and  there  is  no  fear  of  cutting  sections 
of  cartilage  from  which  the  marginal  zone  has  been  acci- 
dentally rubbed  off. 

"  I  had  so  often  attempted,  without  any  great  measure  of" 
success,  to  combine  the  staining  by  other  reagents,  such  a& 
carmine  and  aniline,  with  that  obtained  by  the  silver  method, 
that  I  was  extremely  pleased  to  find  that  haematoxylin,  whicK 
I  made  trial  of  at  Professor  Burdon  Sanderson's  suggestion, 
furnished  a  perfectly  reliable  means  of  staining  the  cell- 
nuclei.  By  the  employment  of  sections  which  are  sufficiently 
thin  to  obviate  any  sources  of  fallacy  arising  from  the  pre- 
sence of  the  nuclei  of  the  more  deeply  seated  cartilage  cells, 
it  is  not  difficult  to  convince  oneself  that  the  white  fields  on 
the  brown  ground  of  the  silver  preparation  from  the  more 
circular  spaces  of  the  cartilage  to  the  stellate  and  epithelioid 
forms  of  the  inner  layer  of  the  capsule,  each  contain  either 
one  or  several  (violet- coloured)  nuclei.  By  this  method, 
then,  it  is  demonslrable  that  in  each  of  the  white  fields  of 
the  silver  preparation  there  lie,  according  to  the  size  of  the 
fields,  one  or  several  cellular  elements.  It  is,  however,  im- 
possible by  this  means  to  say  whether  the  cells  entirely  fill 
the  cavities,  and  by  means  of  their  processes  extend  into  the 
lymphatic  canaliculi,  forming  a  complete  anastomosing  net- 
work or  not.  For  the  elucidation  of  these  points  the 
treatment  with  gold  is  necessary.  Thus,  in  two  kinds  of 
preparations,  one  treated  by  the  combined  silver  and  bcema- 
toxylin  method,  the  other  with  gold,  appearances  are  met 
with  which  in  general  form  and  the  mode  of  branching  of  the 
^UScesses  are  more  or  less  &\<mi.Va.r.  ^^^ 
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As  the  hiematoxylin  sho^rs  the  presence  in  the  silver  pre- 
■parations  of  cell-imclei  corres ponding  to  the  whule  spaces, 
so  the  trpatment  with  gold  shows  thai  these  niidei  correspond 
to  protoplasmic  bodies'which — the  conclusion  will  hardly  he 
assailed — correspond,  on  the  whole,  to  the  spaces  in  the  silver 
preparations.  It  is  quite  another  question  whether  these 
masses  of  protoplasm  completely  fill  the  spaces  or  not.  Proof 
of  this  could  only  be  oblaiued  were  it  possible  to  produce 
both  the  gold  and  the  silver  appearances  in  the  same  pre- 
parations. As  is  well  knownj  however,  if  a  preparation  he 
treated  first  with  silver,  then  with  gold,  the  effect  is  only  lo 
produce  a  reduction  of  the  latter  in  the  parts  impreguated 
with  silver,  whilst  the  converse  mode  of  treatment  altogether 
fails  to  yield  the  silver  spaces.  The  question  n)ust,  there- 
fore,  so  far  remain  unsettled.  All  one  can  say  is,  that  cm 
both  silver  and  gold  preparations  appearances  are  frequently 
obtained  which,  as  regards  form,  are  precisely  similar,  appa- 
rently even  to  the  minulest  details,  although  it  is  not  every- 
where possible  to  trace  the  same  exact  resemblance;  for 
instance,  the  protoplasmic  masses  of  the  une  might  be  said 
to  be  smaller  relatively  than  the  spaces  of  the  other;  the 
sizes,  however,  in  both  are  so  varied  that  it  is  difficult  to 
compare  them.  If  the  forms  obtained  by  the  gold  treatment 
differ  from  those  obtained  hy  the  silver  treatment,  in  one 
point  more  than  in  another,  it  is  in  the  diameter  of  the  pro- 
cesses, which  here  and  there  appear  somewhat  smaller  and 
more  tapering  than  those  proceeding  from  the  spaces  of  the 
silver  prepara:ion.  On  the  other  hand,  the  appearances  pre- 
sented in  silver  preparations  which  have  been  placed  in 
spirit  are  in  favour  of  the  idea  that  the  spaces  are  completely 
filled  by  protoplasm.  In  these  it  occurs  here  and  there, 
although  it  must  be  admitted,  not  generally,  that  both 
nucleus  and  protoplasm  may  be  made  out,  the  latter  appear- 
ing as  a  finely  granular  substance,  which  is  separated  from 
the  brown  intercellular  substance  by  a  crescentic  clear  zone 
or  space  (perhaps  caused  by  a  shrinking  of  the  protoplasm). 
We  may  conclude,  therefore,  that  the  white  spaces  and  canali- 
culi  shown  to  exist  in  the  synovial  membrane  by  treat- 
ment with  nitrate  of  silver,  correspuncl  generally  to  a  proto- 
plasmic network  (made  evident  by  chloride  of  gold), 
consisting  of  connective- tissue-corpuscles. 

A  similar  statement  may  be  made  with  regard  to  the  car- 
tilage-cells of  the  surface,  which  appear  after  treatment  with 
silver  as  round  white  spaces,  in  which  hsematoxylin  brings 
the  nuclei  into  view;  whilst,  on  the  other  hand,  chloride  of 
^Id  colours  the  protoplasm  of  the  cells. 
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Bacteria  in  Malignant  Pnstnle. — The  futal  malady  knowu 
by  this  name  amongst  ourselves,  and  when  it  occurs  iu  cattle 
as  "  the  Blood,"  to  which  the  French  give  the  name  yf 
Charbon,  and  the  Germans  that  of  Miizbrand,  though 
happily  rare  iu  England,  does  occur  occasionally  amongst 
cowkeepers,  butchers,  and  otliers  who  have  to  do  with  cattle 
or  horses;  and  on  this  account  the  careful  description  of  two 
such  cases,  given  by  Dr.  B.  Friinkel  and  Dr.  J.  Orth,  in  the 
'Berliner  Klinische  Wochenschrift'  for  June  1st  and  8th, 
1874,  deserves  attention. 

Both  patients  were  admitted  into  the  Augusta  Hospital  at 
Berlin,  the  second  being  a  sick-warder  and  post-mortem 
room  assistant  in  that  institution.  Both  coses  were  fatal. 
At  the  post-mortem  examination  of  the  first  the  following 
appearances  were  found : 

The  whole  of  the  cervical  connective  tissue  was  iufiltrated 
with  reddish  serum.  This  sanguineous  infihraliou,  following 
the  course  of  the  trachea,  extended  into  the  mediastinum, 
along  the  bronchi,  and  over  the  pericardium.  Everywhere, 
along  with  this  (edema,  the  lymphatic  glands  were  enlarged, 
some  to  the  size  of  walnuts,  and  so  swollen  with  dark  bluud 
as  to  strongly  resemble  blood-clots.  The  spleen  was  much 
enlarged,  and  extremely  soft.  The  whole  mucous  membrane 
of  the  stomach  wai  greatly  swollen,  pulpy,  and  reddened. 
In  five  or  six  large  spots  there  was  especial  swelling,  partly 
due  to  extravasaied  blood,  partly  to  local  gangrene,  with  a 
greenish -yellow  tint.  This  appeared,  not  only  on  the  sur- 
face, but  on  section.  Professor  Virchow  pronounced  the 
case  to  be  one  of  malignant  pustule  directly  he  saw  this 
stomach.  The  microscope  confirmed  this,  for  not  only  ou 
the  surface  of  these  greenish -ye  I  low  spols,  but  also  in  the 
parenchyma  of  the  gastric  walls,  there  were  found  enormous 
quantities  of  the  parasitic  elements  generally  known  by 
Davaine's  name  of  Bacteridia.  For  the  most  part  these 
appeared  as  masses  of  felted,  but  not  branching,  threads, 
which  were  seen,  at  the  edges  of  the  groups,  to  be  composed 
of  a  number  of  little  rod- like  bodies  of  equal  length.  There 
were  also  masses,  though  less  numerous,  composed  of  groups 
of  equal-sized  granules  (micrococci),  it  was  uow  clear  that 
the  case  was  one  of  the  so-called  mycosis  intestinalis,  a 
special  form  of  the  pest  known  as  Miizbrand,  or  spleen- 
gangrene,  or  malignant  pustule;  and  the  marked  swelling 
and  hEemorrhagio  appearances  of  the  mesenteric  and  retro- 
peritoneal lymphatic  glands,  the  softened  spleen,  sanguineous 
oedema  of  the  connective  tissue  of  the  abdominal  cavity, 
ascites,  &c.,  described  by  Dr.  F'riLukel,  perfectly  agreed  witU 
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the  descriptions  given  by  other  obsenrers  (see  £.  Wagner, 
'  Archiv  dcr  Heilkunde/  1874). 

The  appearances  in  the  second  case  were  very  similar,  as 
r^^rds  the  lymphatics,  &c.  The  appearances  in  the  ab- 
domen were  Uke  those  in  the  last  case,  including  the  stomach. 
The  spleen  was  enlarged  and  softened.  Bactendia  in  masses 
were  found  in  the  blood  of  the  heart  (examined  at  once), 
and  on  the  next  day  in  a  mesenteric  vein.  The  white  cor* 
puscles  were  increased.  No  movements  were  seen  in  these 
bacteridia ;  but  that  they  were  not  coagula  of  any  kind  was 
shown  by  their  having  kept  perfectly  well  for  seme  months 
with  acetic  acid.  The  blood  had  carried  these  into  all  the 
organs,  but  in  the  gangrenous-looking  spots  in  the  intestines 
there  were  no  rods  or  fibres,  but  heaps  of  micrococci. 

This  is  the  first  published  case  of  direct  communication 
from  man  to  man,  though  Lube  and  Miiller's  cases  (^Deutsches 
Archiv  fiir  Klin.  Med.*)  show  that  such  transmission  has  been 
suspected.  Dr.  Orth  inoculated  a  rabbit  with  the  fresh 
blood  of  the  second  case,  and  from  this  one  another,  and  so 
on,  till  eight  were  injected.  Masses  of  bacteridia  were 
found  in  the  blood  and  connective  tissue  of  all  these  animals. 
— Medical  Record. 
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BOTABY. 

I.  Alga. — 1,  Spores  o/NosCochaceee. — In  a  paper  ('Ann.  dei 
S<!.  Nat.,'  5e  ser.,  sis,  p.  119)  on  the  reproduction  of  some 
apecics  of  this  group  belonging  to  the  genera  Spermoaira 
and  Nosioc,  Janczenski  iiunouiices  the  discovery  of  spores  in 
the  latter  genus,  an  observation  already  anticipated  by  Archer 
in  Noatoc  paludosam,  one  of  the  species  in  which  it  baa  now 
again  been  detected  ('  Quart.  Journ.  Micr.  Sc.,'  1873,  p.  367). 
In  a  subsequent  number  of  the  volume,  Bornet  fp.  318) 
confirms  this  discovery  in  numerous  other  species.  He  had 
already  in  his  memoir  published,  in  the  seventeenth  voIume> 
annonnced  the  reproduction  by  spores  of  Glteocapta. 

3.  Conjugation  of  Zoosports  in  Confervacea. — Areschoug 
has  recorded  the  interesting  fact  ('Act.  Reg.  Soc.  Sc.  Ups.,' 
ser.  iii,  vol.  ix)  of  the  conjugation  of  the  zoospores  of  various 
L'onfervacea ;  amongst  others,  of  two  very  widely  diffused 
speciea — Cludophora  sericea  and  Enteromorpha  compressa, 

3.  Morphological  Differentiation  of  the  Sphacelaria-aeria, 
— i.  Pringsheim  points  out  ('  Abhl.  der  k.  Akad.  d.  Wiss.  zu 
Berlin,'  1873)  that  some  Timllophytes  offer  distinct  transi- 
tions to  acormophyticmodeof  bud-formation.  These  increase 
in  interest  when  they  occur  as  terminal  links  of  a  series,  for  it 
appears  natural  to  assume  that  sucli  a  series  corresponds  to 
the  genetic  progress  of  development  of  the  forms,  and  indicates 
the  various  paths  whicli  have  led  on  to  cormophytic  bud- 
formation.  In  the  different  subdivisions  of  the  Algie,  several 
progressive  and  parallel  series  lead  from  the  simple  con- 
fervoid  type  of  growth  up  to  bud-structure.  Amongst  the 
Floride<e  the  Ct^amtum- series  affords  an  example. 

A  far  more  perfectly  developed  and  almost  rectilineal  series 
is  presented  by  the  S/iAace/an'a-series,  belonging  to  Phaoa- 
poretE.  It  comprehends  the  Ectocarpers,  the  Sphacelariea 
proper,  and  some  smaller  genera.  The  final  link  of  this  series, 
Cladostephaa,  shows  a  great  approximation  iu  its  mode  of 
growth  to  cormophytes.  The  Ectocarpeee,  which  form  the 
Jowest  links  of  the  series,  are  plants  of  purely  coafervoid 
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growth.  The  middle  links  of  the  seriesj  the  Sphacelariete, 
and  the  genera  HahpterU,  Stypocaulon,  &c.,  are  more  aud 
more  differentiated  in  their  aiructiire,  and,  in  the  morpho- 
logical distinctions  of  their  ayatems  of  ramification,  almost 
step  by  atep  approach  the  bad-like  jointing  and  the 
structure  of  Ciadoatephus.  Thus  the  manner  in  which  the 
SpAace/flria -aeries  attains  in  Cladogtephus  its  more  distinct 
and  established  cormopbytic  contigu ration,  seems  well  suited 
to  illustrate  certain  correlations  between  the  auatomii'al 
stmcture,  the  origin,  aod  the  configuration  of  the  systems 
of  ramifications.  As  the  basis  for  the  comparison,  Pring- 
sbeim  copiously  describes  two  of  the  links  in  the  Spkace- 
/oriffl-aeries  in  respect  to  their  atrnctnre  and  the  development 
of  their  systems  of  ramification  ;  Cladostephus  verticillatus 
as  the  most  perfectly  differentiated  link  in  the  series,  and 
Sphacelaria  oHvacea  as  one  of  the  lower  forms  in  which  the 
differentiation  of  the  ramification  has  scarcely  advanced. 

The  first  differences  which  occur  in  the  forms  of  ramifi- 
cation in  this  series,  commencing  with  the  confervoid  type, 
are  presented  by  the  formation  of  the  fruit,  and  begin  vege- 
tatively  by  the  formation  of  trichoma-like  apices  and  inde- 
pendent trichomata.  Both  appear  only  as  portions  of  branches, 
originally  uniform,  but  checked  and  modified  in  their  growth. 
In  a  further  stage  entire  branches  sufi'er  these  modifications. 
Farther  differences  afterwards  appear  between  the  purely 
vegetative  branch-forms.  In  this  stage  (of  which  the  Sp/iace- 
larieee  proper  present  numerous  examples)  we  meet  with 
hranches  close  together,  in  some  of  which  the  growth  be- 
comes extinguished  earlier  than  in  others.  By  degrees  these 
differences  increase  in  Chtelopteris,  Halopteris,  Stypocaulon. 
Still  later  further  differences  amongst  the  limited  and  un- 
limited ramifications  become  more  definitely  distinguished, 
and  the  systems  of  ramification  in  the  final  link  of  the  whole 
series,  the  genus  CladastepJms,  become  sharply  separated 
into  the  different  modifications  of  branch  and  leaf-forms. 
A  distinct  connection  of  the  morphological  configuration 
with  the  structure  and  the  origin  of  the  bnd-formation  does 
not  admit  of  being  overlooked. 

The  first  indications  of  a  differentiation  in  the  ramifications 
occur  in  the  purely  confervoid  Eciocarpus-speciea,  which 
still  show  no  kind  of  differentiation  of  their  tissue.  These 
morphological  distinctions  only  become  noticeable  with 
the  distinct  separation  of  the  tissue  into  permanent  and 
formative  cells,  and  especially  with  the  advancing  localisation 
of  the  latter  at  the  apex  of  the  thallome,  and  with  the 
separation  of  the  tissue  of  the  axis  into  central  and  peri- 
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pheral  portions,  entailing  a  more  and  more  sharply  expressed 
iiilfi:rentiated  origiu  of  the  lateral  buds  from  uncquivaleut 
elements  of  the  tissue. 

Ill  the  smaller  Sphacelariex,  growing  with  an  apical  cell, 
the  origin  of  thethallome-branches  does  not  appear  connected 
with  any  definite  position.  In  the  further  advanced  links 
of  the  series  {Hahpteria,  Stypocaalon,  Chtetopteris)  the  dif- 
ferentiation of  the  purely  vegetative  branch-forms  become 
more  considerable,  but  still  esbibits  numerous  transition- 
stages.  Also  the  tballome-turms  originate  at  definite  places 
of  the  muther-axis ;  but  still  the  places  of  orisiu  of  the 
thaliome-forms  are  common  to  several  of  them.  Adven- 
titious buda  make  their  appearance  besides  the  normal  rami- 
fications. 

In  the  most  highly  differentiated  terminal  links  of  the  series, 
the  Cladoslephus-S[}ecie3,  we  Bnaily  see  all  these  differeu- 
tiations  of  the  th  a  Home- forms  constant,  and  their  place  of 
origin  definite.  With  the  differentiation,  also  the  variety  of 
the  thallome-forms  has  increased.  Normal  ramiticittiuns  aud 
adventitious  buds,  leaves  and  fruit-leaves,  fruit-branchea, 
hairs  and  root-threads,  occur  as  completely  individualised 
aud  strictly  distinct  thallome-forms,  and  each  of  these 
has  its  separate  place  of  origin.  Jn  Cladostephua  the  normal 
ramihcationa  proceed  from  dichotomy  of  the  apex,  the 
adventitious  buds  from  the  central  cells  of  the  axis,  the 
leaves  from  the  oldest  cortical  cells,  the  fruit-leaves — that  is 
to  say,  a  higher  stage  of  the  leaf- metamorphosis — from  the 
youngest  celts  of  the  cortex,  the  hairs  from  the  apex  of  the 
tip  of  the  leaf,  the  fruit-branches  from  the  joints  of  the 
fruit- leaves. 

ii.  Cladostephus  verlicillaltis  is  a  perennial  whose  buds 
possess  a  normal  vegetation-pause,  just  like  shrubs  and  trees. 
It  consists  of  a  system  of  diehotomously  branched  stems 
beset  by  numerous  many-jointed  whorls  of  leaves.  The 
stems  and  leaves  grow  by  successive  subdivisions  of  their 
apical  cells.  By  the  division  of  these  primary  joint-cells 
secondary  joint-cells  are  formed  by  means  of  walls  following 
each  other  in  definite  sequence  and  direction ;  in  this  way 
also  the  tissue  of  the  joints  is  differentiated  into  medulla  and 
cortex. 

In  the  production  of  branches  by  dichotomy  the  apical  cell 
is  divided  into  three  portions — two  new  apical  cells  and  a 
terminal  portion  of  the  old  axis.  A  portion  of  the  apical  cell 
is  first  cut  off  by  a  septum  directed  obliquely  and  laterally 
from  its  apex.  This  newly  formed  eel!  is  the  mother-cell  of 
oae  of  the  commencing  bifurcations.     In  the  remaining  poz- 
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tion  of  the  old  apical  cell  a  Becond  septum  originates  vertical 
to  the  first  and  directed  to  the  opposite  side ;  this  rorms  the 
mother-cell  of  the  second  hifurcation.  The  lower  portion 
remains  the  hasis  of  the  bifurcation,  aud  afterwards,  by  cel- 
lular increase,  gives  rise  to  a  special  portion  of  the  divided 
stem — the  "  ramificatiou-node," 

In  HaUipteri*  the  spical  cell  produces,  not  branches  exclu- 
sively, but  sometimes  leaves,  sometimes  branches,  according, 
apparently,  as  the  laternl  septum  cuts  off  a  smaller  or  larger 
portion  of  the  apical  cell.  Here  only  a  single  new  direc- 
tion of  growth  takes  place,  only  one  septum  is  formed,  the 
old  apical  cell  merely  becomes  deflected,  hut  still  remains  as 
apical  ceil. 

The  adventitious  buds  originate  from  the  joints;  the 
quadrant-cell  ("innovation-cell"  or  "  brood-cell")  which  is 
to  give  rise  to  one  does  not  form  any  cortical  cells.  In  some 
of  the  lower  genera  these  adventitious  buds  show  a  regular 
arrangement,  hut  iu  Cladoatepkus  this  is  not  the  case.  The 
connection  of  the  medullary  tissue  in  the  stem  and  adven- 
titious bnd  Is  produced  by  the  first  medullary  cells  within 
the  rudimentary  adventitious  buds  reaching  to  tiie  centre  of 
the  stem,  and  appearing  as  lateral  brunches  of  the  medullary 
region  of  the  stem.  Hence  there  does  not  exist,  as  iu  the  case 
of  dichotomy,  any  "  ramification-node"  belonging  in  common 
to  both  branches,  hut  at  the  place  of  ramificatlou  a  new  first 
joint  belonging  to  the  branch  is  laterally  apposed  to  the  stem- 
jomt. 

The  leaves  in  Cludostephus  originate  exclusively  from  the 
peripheral  cells  of  the  joints.  The  fii-st  peripheral  cells  which 
are  produced  are  the  mother-cells  of  the  leaves  and  of  the 
cortex.  These  cells  behave  as  apical  cells,  and  are  divided  by 
transverse  septa.  The  first  of  the  cells  so  formed  give  rise  to 
the  primary  cortex  of  the  stem,  and  may  be  designated  "  leaf- 
bases;"  their  upper  divisions  appear  to  form  a  transition 
between  cortex  and  leaf,  and  may  be  described  as  the  "  basilar 
node"  of  the  leaf.  Some  celts  of  the  basilar  node  may  oc- 
casionally grow  out  in  a  papilla-like  manner,  and  form  a 
second  leaf.  These  may  give  rise  to  whorls  of  "  supple- 
mentary leaves."  By  repeated  radial  subdivisious  of  the 
cortical  cells  of  the  joiuts  iu  Cladoslcphus  the  origin  of  the 
leaves  becomes  deeply  immersed  in  secondary  cortex.  The 
further  growth  of  the  leaves  takes  place  by  subdivisions  of 
primary  cells  produced  by  division  of  the  apical  cell.  In  the 
immersed  basilar  joints  the  division  of  the  secondary  cells 
for  the  formation  of  the  cortical  and  medullary  tissues  ore 
aoalogouB  to  those  of  the  sLems.      Id  the  b'tie  middle  leaf- 
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joints  the  medulla  becomes  reduced  to  a  single  large  cell. 
The  terminal  joints  become  attenuated,  and  often  Bpiue-like; 
in  otlier  cases,  however,  they  become  cellular,  or  end  club- 
shaped.  In  tlie  formation  of  the  cortex  of  the  leaf-jointa  no 
general  rule  prevails.  The  formation  of  "  hairs  "  is  restricted 
to  the  axil  of  the  leaf-tip.  The  leaves  of  CJadostephus  branch 
by  a  division  of  the  apical  cell  similar  to  that  of  the  axis  iu 
Halopteris. 

Cladottephus  possesses,  besides  vegetative  "  leaves,"  a 
second  form  of  leaves,  or  "  fruit- leaves."  These  were  re- 
garded by  their  first  observers  as  a  foreign  epiphytic  growth, 
and  described  by  them  under  the  name  of  Sphacelaria 
Bertiana.  They  originate  only  at  the  end  of  the  period  of 
vegetation  on  the  old  joints,  after  all  increase  in  the  thick- 
ness has  completely  ceased;  tlieir  configuration  is  much 
simpler  than  that  of  the  foliage  leaves.  The  outermost  peri- 
pheral cells  of  the  internodes  of  the  old  joints  are  the 
mother-cells  of  the  fruit-leaves  ;  they  grow  out  in  a  papilla- 
like manner,  and  become  the  apical  cells  of  these  organs. 
They  ordinarily  bear  the  sporangia  on  special  "  fruit- 
branches  ;"  more  rarely  the  apex  of  the  fruit-leaf  itself 
becomes  the  fruit-branch.  They  are  ramifications  of  the 
undivided  joint-cells,  or,  more  usually,  of  the  "innovation- 
cells"  of  the  lower  and  middle  joiuts  of  the  fruit-leaves. 
These  inn  ovation -cells  grow  out  laterally  from  the  joints  of  the 
fruit-leaf,  and  become  the  apical  cells  of  the  fmit-branches.  The 
number  of  their  joints  varies  from  one  to  eight.  The  resulting 
uni-  and  multilocular  sporangia  are  distributed  on  did'erenc 
plants.  The  former  are  terminal,  the  apical  cell  increasing 
iu  size,  and  its  contents  emerging  en  masse,  enclosed  in  a 
common  mucus,  presently  breaking  up  into  zoospores.  The 
supporting  cell  of  the  sporangium  may  continue  growing 
as  a  new  apical  cell,  and  thus  the  younger  sporangia  may 
come  to  be  surrounded  by  the  empty  coats  -of  several  older 
sporangia.  The  multilocular  sporangia  are  likewise  terminal ; 
the  apical  cell  becomes  divided  into  3-5-celled  series ;  the 
individual  cells,  by  repeated  vertical  and  horizontal  divisions, 
give  rise  to  the  mother-cells  of  the  zoospores,  one  in  each. 
The  zoospores  are  not  emitted  en  masse,  but  each  forms  its 
own  mother-cell;  they  do  not  appreciably  differ  from  those 
of  the  other  kind  of  sporangium,  and  resemble  those  of 
other  P/iteosporece.  They  possess  two  cilia — one,  the  longer, 
directed  in  front,  the  other  behind. 

About  the  eud  of  November  {at  Genoa)  the  vegetation- 
pausein  Cladostephus  commences.  Some  of  the  budsremain 
dormant,  and  resume  their  growth  the  following  year.     Thta 
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Way  be  niFected  by  cert n in  cells  peraisting  as  "  innovatioTi- 
celis,"  and  growing  into  adventitious  buds  next  year,  or  the 
apical  cell  of  the  old  bud  continues  unaltered  during  the 
vegetation- pause  to  eventually  resume  its  growth. 

iii.  Spkacelaria  olivacea,  Diilw.,  shows  in  the  structure  and 
development  of  its  stem  and  branches  no  essential  differ- 
entiation beyond  that  of  size;  the  latter  are,  without  excep- 
tion, products  of  the  joint-cella.  The  unilocular  sporangia 
occur  on  the  smaller  branches,  whose  terminal  cells,  as  in 
Cladostephus,  swell  up  directly  to  form  them ;  the  supporting 
cell  alao  grows  through,  but  gives  rise,  not  to  a  new  spo- 
rangium, but  to  a  new  branch.  Beaidea  these  certain  lateral 
branches,  shorter  than  the  merely  vegetative,  modify  their 
terminal  cell  into  globuiar  sporangia,  whose  contents  become 
divided  into  cubical  cells.  Pringsheim  has  reason  to  think 
that  the  zoospores  in  the  unilocular  sporangia  arise  in  a 
transitory  cell-net.  Hence  he  is  led  to  the  conclusion  that 
the  difference  between  the  two  aporangial  forma  in  the  P/t«- 
osporecE  is  not  an  absolute  one,  but  only  expresses  a  different 
degree  of  persistence  in  the  mother- cell -tissue;  consequently, 
this  second  form  of  sporangia  in  S.  olivacea  may  be  com- 
parable to  multiiocular  sporangia.  S.  olivacea  would  there- 
fore seem  to  be  a  species  in  which  the  definitive  separation 
of  the  two  sporangium  forms  is  not  yet  fixed,  but  only  about 
to  be  originated. 

Other  asexual  modes  of  increase  occur.  Amongst  these 
are  the  three- four- rayed  gemmai  (Brutknospe).  ThesCj  as 
regards  position,  structure,  and  morphology,  are  manii'estly 
metamorphosed  fruit-branches ;  they  fall  off,  grow  to  new 
plants,  and  are  thus  comparable  to  the  gemma;  of  masses  and 
liverworts.  After  separating  from  it,  their  supporting  cell 
grows  out  again,  to  produce  a  cell  higher  up  than  the  last,  a 
new  gemma. — W.  Archek. 

4.  Batrachospermmn. — Sirodot  ('  Comptes  Reiidua,'  May 
and  June,  1873)  finds  that  Chantransia  is  an  asexual  gene- 
ration, which  is  developed  from  the  sexually  produced  spores 
of  Batrachospermum. 

5.  Paragitic  Algte. — Rny  {'Sitz.  der  Gesellsch.  Natur. 
Fr.  zu  Berlin,'  Nov.,  1872)  describes  two  additional  instances 
of  algae  with  a  parasitic  habit.  On  examining,  in  September, 
1872,  at  Heligoland,  decayed  specimens  of  Deles»eria  son- 
guinea,  of  which  the  fronds  had  to  a  great  extent  decayed, 
leaving  only  the  midribs  beset  with  adventitious  sprouts,  he 
met  with  examples  showing  abnormal  brown  bands  and  spots. 
On  making  thin  superficial  sections  through  these  portions 
he  found  that  they  were  covered  by  an  irregular  network  of 
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delicate-jointed  brauchiug  UlamentH.     From  the  examinatk^* 
of  trausvcrse  sections  it  was  read iJy  seen  that  tlie  filaments 
passed  into  the  tissues  of  the  Delesseria,  penetrating   the 
cuticle,   and  pressing  asunder   the   subjaceut   cells,  thence 
finding  their  way  into  the  intercellular  Bpaces, 

Kny  subsequently  found  similar  filaments  in  the  interior 
of  other  Floridets,  as  also  in  Laminaria  saccharina.  He 
discovered  no  fructification,  but  the  superficial  filaments  had 
their  parietal  protoplasm  tinged  uniformly  with  a  brownish- 
yellow  colouring  material  which  in  tlie  internal  filament  was 
granular.  He  supposed  the  plant  to  belong  to  the  Phmo- 
sporecB. 

In  Polyidea  rotundua  Kuy  found  red  sterile  filaments, 
which  he  conjectured  to  belong  to  Floridea. — W.  Archbk. 

II.  Fungi. — 1,  Ancylistefe,  a  new  tp-oup  of  Phycomycetes. 
— Pfitzer  has  described  in  great  detail  the  life-history  of 
AncyHstes,  a  new  aquatic  parasite,  and  the  type  of  a  new 
group,  in  the  'Monatsb.  der  Akad.  der  Wiss.  zu  Berlin/ 
1872,  p.  379.  In  August,  1871,  he  met  with  examples  of 
Closterium  acerosum,  Ehr.,  which  appeared  to  have  been  to 
a  great  extent  killed  by  a  parasite.  In  the  spring  of  the 
following  year  he  was  able  to  follow  out  its  history.  In  the 
interior  of  living  Closteria,  between  the  chlorophyll- plates, 
were  found  from  one  to  eight  extremely  slender,  delicately 
bounded  cylindical  and  colourless  bodies,  of  about  0^01  mm. 
in  thickness,  permeating  the  cell  from  end  to  end.  They 
appeared  to  consis.t  of  plasma  without  a  cell  membrane,  but 
containing  minute  granules,  which  moved  in  various  direc- 
tjona  but  without  altering  the  form  of  the  plasma-mass. 
Ultimately  they  acquired  a  cell-membrane,  and  were  then 
divided  by  septa  into  a  number  of  longish  cylindrical  cells. 
The  infected  individuals  of  Closterium  at  first  retained  much 
of  their  ordinary  appearance;  the  starch- granules,  however, 
first  disappeared,  and  the  death  of  the  host-platit  finally 
ensued  on  the  further  development  of  the  parasite.  Each  of 
its  constituent  cells  sent  out  from  near  one  end  a  short  blunt 
process,  which  perforating  the  wall  of  the  Closterium — mostly 
on  the  same  side— projected  outwards  as  so  many  papillie, 
which  eventually  grew  out  into  elongate  hyphte,  into  which 
by  degrees  the  plasma  passed.  The  hyphse  were  found,  by 
actual  measurement,  to  exhibit  an  apical  growth  of '01  mm. 
in  a  minute  ;  very  rarely  they  became  branched. 

As  soon  as  a  hypha  came  in  contact  with  a  neigh- 
bouring Closterium  its  apex  became  enlarged  and  firmly 
attached.  The  plasma  passed  up  into  the  enlarged  apex, 
which    was    once    more    cut    oS  ^I'j   a  ?e^tam,  from    tli^_ 
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^^maiiting  portion  of  the  hypha.  In  a  few  liours  the  para- 
site began  to  perforate  the  membraue  of  tiie  Closierium ; 
this  finally  effected  a  thin  process  from  the  extremity  of 
the  parasite  passed  into  its  cavity.  A  minute  colourless, 
gradually  increasing  globule  terminated  the  filament,  and 
the  plasma  by  degrees  passed  into  it.  Ultimately  it  sepa- 
rated from  the  filament,  elongated  itself  in  the  direction  of 
the  axis  of  the  Closierium,  and  in  a  few  days  grew  into  one 
of  the  long  cylindrical  bodies  described  at  the  commence- 
ment. 

In  addition  to  this  alternation  of  vegetative  generations 
there  occurred  finally  a  sexual  one.  When  the  formation  of 
hyphte  has  gone  on  for  some  time,  individual  Closteria  are 
found  to  contain  parasitic  cella  of  two  forms.  One  resembles 
that  of  the  divided  cells  already  described,  but  somewhat 
thicker;  the  others  are  at  once  distingnishable  by  being 
considerably  narrower.  The  Closierium  now  dies,  and  the 
thinner  cells  contained  in  it  send  out  towards  their  thicker 
neighbonrs  slender  lateral  processes,  which  sometimes 
become  septate.  Resorption  takes  place  where  the  hyphie 
come  in  contact,  and  although  a  backward  and  forward  move- 
ment takes  place  between  the  plasma  of  the  two  connected 
bodies,  the  aggregate  mass  is  at  last  gradually  retracted  into 
the  larger  cell,  which  is  now,  in  fact,  an  oogonium.  This 
becomes  somewhat  infiated,  and  the  contents  retracted 
from  the  wall  and  shut  off  by  a  septum  at  either  end ; 
this  process  may  be  several  times  repeated,  each  time 
the  contracting  contents  leaving  behind  a  septum,  until 
finally  the  oogonium  consists  of  a  nearly  round  central  cell, 
and  two  to  four  lateral  cells  containing  fluid  only.  The 
contents  of  the  central  cell  again  contract,  and  become  sur- 
rounded by  a  new  wall  or  exosporiura. — W.  Archer. 

2.  New  types  allied  to  Chytridie<e. — N.  Sorokin  has  de- 
scribed (' Bot.  Zeit.,'  1874,  May  15),  from  the  neighbour- 
hood of  Kazan  (Russia),  two  new  and  singular  species  closely 
allied  to  Chytridiem.  The  first,  Zygochytrium  auranliacum, 
produced  on  dead  insects  in  water  an  orange-red  gelatinous 
coating.  This  consisted  of  a  mass  of  a  fungoid  plant  of 
great  simplicity.  A  single  tubular  stem-cell  was  expanded 
at  its  base  into  a  lobcd  organ  of  attachment  or  foot,  while  it 
divided  above  into  two  branches,  each  bearing  an  ovoid  oper- 
culate  sporaiigial  cell.  Beneath  each  sporangium  a  short 
bluntly  pointed  lateral  branch — the  "appendix" — was  given 
ofi',  but  its  function  remained  uncertain.  The  whole  plant 
was  filled  with  golden-yellow  protoplasm,  containing  vermi- 

-iioD  granules,  and  enclosed  in  a  colourless  membrane.     In 
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the  formation  of  zooaporeB  the  protoplasmic  mass  became 
contracted  towards  tLe  upper  part  of  the  sporangium,  the 
operculum  was  thrown  off,  and  the  protoplasmic  mass  was 
discharged  as  a  rounded  naked  body,  which  in  about  fifteen 
minutes  became  coated  with  a  delicate  cell-wall.  The  red 
granules  were  first  collected  towards  its  centre,  but  were 
subsequently  equally  distributed,  and  the  protoplasm  sub- 
divided into  individuidised  portions,  each  containing  a 
granule,  and  which  were  finally  SPt  free  as  rapidly  moving 
zoospores  with  a  posterior  cilium.  The  zoospores  ceased  to 
move,  became  amoeboid,  the  cilium  was  drawn  in,  and  the 
zoospore  iu  a  few  minutes  lw?gan  to  germinate.  This  was 
efi'ected  by  its  elongating  into  a  tube,  developing  a  foot  at 
one  end  and  diehotomonsly  branching  at  the  other.  Besides 
the  production  of  zoospores,  zygospores,  of  a.  blood-red 
colour,  very  thick-walled  and  covered  by  irregular  protuber- 
ances, were  formed  by  the  conjugation  of  two  horizontnl 
lateral  branches  thrown  out  from  the  two  ramifications  of 
the  plant.     These  germinated  very  readily. 

A  second  nearly  related  form  {Tetrachf/lrium  triceps)  was 
found  on  various  submerged  objects,  with  cell-contents  of  a 
greyish-bine.  The  stem-cell  was  also  furnished  with  a  foot, 
and  divided  above  into  three  branches,  each  bearing  an  oper- 
cuiate  zoo  sporangium  J  and  beneath  them  an  involuted  "  ap- 
pendix." The  zoosporangiura  discharged  its  protoplasmic 
contents  as  before,  but  then  separated  into  only  four  por- 
tions, which  were  ultimately  set  free  by  the  rupture  of  the 
mother-cell-wall,  as  four  blue-coloured  bodies  with  a  median 
clear  spot.  They  did  not  exhibit  any  amceboid  movements 
on  coming  to  rest,  but  conjugated  in  pairs.  Zoospores,  which 
were  unable  to  conjugate,  never  germinated,  but  the  zygo- 
spores readily  germinated,  reproducing  the  plant  with  its 
triple  branches  and  "  appendix." 

These  two  organisms  appear  to  differ  from  Chytridiea,  on 
the  one  hand,  iu  the  presence  of  zygospores  in  Zygochytrium, 
and  the  conjugation  of  the  zoospores  in  Tttiachytrium. 
The  author  considers  that  these  new  types  may  form  a 
special  natural  group,  with  Chylridiete,  Ancylialets,  Sapro- 
leffnieee,  Zygomycetex  (Mucorini),  and  PeronosporetB,  for 
which  he  proposes  the  name  Siphomycetes.  Of  this  group, 
Ameebidiufa,  Cienk.,  may  be  regarded  as  the  simplest  form 
('Bot.  Zeit.,'  1861,  p.  169). 

The  author  announces   his   intention   of  describing  the 
whole  group  in  a  forthcoming  work,  which   microscopists 
will  be  glad  to  know  is  almost  completed. — W.  Archer. 
S.  Hemileia.—The  Ceylon  Coffee  i^wffiw.— Owing  to  the 
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misapprehension  which  still  largely  exists  as  to  the  real 
nature  of  the  coffee  leaf  disease  {Hemileia  vasfatrix),  and  the 
erroneous  views  and  wild  conjectures  propasfated  respecting 
it,  T  feel  that  it  is  desirable  I  should  again  offer  some  obser- 
vations on  the  subject.  The  disease  consists  in  the  parasitic 
growth  within  the  coffee-tree  of  a  well-defined  species  of 
fnngus,  oriKiuated  and  reproduced  by  means  of  spores,  easily 
identified  by  employment  of  the  microscope,  and  thus  readily 
distinguishable  from  every  other  known  fungus.  There  can 
be  no  question  that  this  fungus  is  communicated  from  coffee 
plant  to  coffee  plant  through  dissemination  of  the  spores, 
and  that  it  may  be  conveyed  by  the  wind,  or  by  streams  of 
water,  or  by  anininls  of  any  kind  moving  from  place  to  place. 
The  fungus  has  only  yet  been  detected,  in  a  definitely  organ- 
ised form,  in  the  cellular  tissue  of  the  coffee  leaf,  lying 
immediately  under  the  diseased  spots,  in  the  spores  them- 
selves, and  in  the  filaments  produced  by  the  germinating 
spores.  The  fungus  would  appear,  however,  to  be  present  in 
the  growing  tissues  generally  of  the  coffee  plant  in  a  diffused 
form,  altering  the  character  of  the  cell-contents,  and  thus 
producing  the  stains  observable  on  the  bark  of  the  young 
branches,  and  the  pale  somewhat  translucent  spots  to  be  seen 
in  the  leaves  previously  to  the  outbreak  of  the  orange-coloured 
spores. 

Investigations  with  the  microscope  with  reference  to  the 
germination  of  the  fungus  spores  have  been  made  by  ray 
friend,  the  Rev.  R.  Abbay,  and  by  myself.  The  process  has 
been  observed  by  both  of  us.  Mature  spores  removed  from 
a  diseased  coffee  leaf  and  laid  upon  charcoal  kept  constantly 
moist,  commence  to  germinate  iu  a  few  days.  The  germi- 
nation consists  in  the  spore  becoming  somewhat  eularged, 
and  its  contents  converted  into  one  or  more  globular  trans- 
lucent masses.  Prom  each  of  the  latter  a  filament  is  de- 
veloped, which  grows  very  rapidly,  and  becomes  more  or  less 
branched.  At  the  termination  of  some  of  these  branches 
secondary  spores  are  produced  in  the  form  of  radiating 
necklace-shaped  strings  of  little  spherical  bodies  of  uniform 
size,  and  this  form  closely  resembles  the  fructification  of  an 
Aspergillug.  Mr.  Abbay  has  also  observed  another  form  of 
secondary  spores  arranged  in  single  rows  of  spherical  bodies, 
a  good  deal  larger  than  those  radiately  arranged,  but  still 
exceedingly  minute.  These  inconceivably  numerous  second- 
ary spores  may  be  easily  carried  by  the  wind  into  sur- 
rounding districts,  and  thus  convey  infection  to  distant 
plantations. 

The  effect  of  the  fungus  upon  the  coffee-tree  would  seem 
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to  be  the  gradual  loss  of  vital  energy.  Tlie  tree,  after  the 
first  attack  of  the  disease,  which  is  often  apparently  the 
most  severe,  throws  out  fresh  healthy -loo  king  leaves,  and 
exhibits  for  a  certain  period  the  appearance  of  having  per- 
fectly recovered.  These  fresh  leaves,  however,  after  the 
expiration  of  a  few  months,  exhibit  the  characteristic  spot- 
ting, and,  as  on  the  previous  attack,  fall  prematurely.  These 
repeated  attacks  occurring  periodically,  at  length  seriously 
affect  the  health  of  the  tree  if  old  and  ill -cultivated,  and  it  be- 
comes of  tittle  or  no  value  as  a  crop- producer.  There  is  great 
reason  to  believe,  however,  from  wliat  has  been  observed,  that 
high  cultivation,  with  judicious  manuring,  enables  the  tree 
to  better  sustaiu  the  attacks  of  the  fungus,  and  to  retain 
strength  and  vigour  enough  to  produce  a  fair  yield  of  berry. 
It  is  indeed  ardently  to  be  hoped  that  this  beneficial  effect 
will  be  permanent. 

Whether  each  outburst  of  the  disease  implies  a  fresh  in- 
troduction of  the  parasite  into  the  coffee  plant,  or  merely 
a  periodical  spore  production  of  a  permanent  parasitism, 
remains  to  be  discovered.  It  is  just  possible  to  imagiue 
some  subtle  destructive  agency  operating,  in  addition  to  the 
little  red  maggot  which  feeds  on  the  spores,  to  arrest  the 
development  of  the  fungus,  but  there  is  nothing  to  support 
such  a  view  at  present. — From  Dr.  Thwaites'  Annual  Report 
of  the  Peradeniya  Botanic  Gardens. 

4.  Helermdam. — Dr.  Wolff  announces  that  Peridermium 
Pint,  Lev.,  is  the  secidiosporoua  state  of  Colcosporium  Com- 
poHtarum,  Lev,,  forma  Senecionis  {'  Bot.  Zeit.,'  1874,  p.  184). 

5.  Development  of  the  Rye-Smut,  Urocyslis  occulta,  Rabh. — 
Dr.  Reinhold  Wolff  gives  an  elaborate  paper  on  this  subject, 
illustrated  by  a  plate,  in  the  Botanische  Zeittmg,  for  Oct. 
17-31,  1873.  The  species  is  known  in  Europe  only  as  a 
parasite  on  the  rye  (but  in  Australia  occurs  also  on  the 
wheat),  penetrating  into  the  cellular  tisane  of  the  leaf,  leaf- 
sheath  and  culm,  between  the  vascular  bundles.  (Cooke, 
however,  states  that  it  occurs  also  on  the  leaves  of  Carex.) 
The  spores  are  generally  collected  in  groups,  with  other 
smaller  spore-like  bodies  attached  to  them,  but  are  occasion- 
ally found  simply  without  any  of  these  appendages,  and  can 
then  only  be  recognised  after  germination.  Germination 
takes  place  after  three  or  four  days,  the  pro-rayceliura  filled 
with  five  grained  protoplasm  bursting  through  the  epispore, 
and  forming  at  its  extremity,  by  a  peculiar  process  of 
division,  from  two  to  sis  "sporidia,"  about  equal  in  length 
to  the  pro-mycelium,  which  tlieu  become  separated  from  it 
bj  a  septum  after  all  the  protoplasmic  conteuts  of  the  pro- 
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mycelium  have  passed  into  them.  From  these  sporidia 
(before  they  have  become  separated  from  the  pro-myceliuin) 
the  elongated  germinating  filaments  are  developed,  the  pro- 
toplasm gradually  accumulating  towards  the  growing  apex, 
which  becomes  separated  by  a  septum  from  the  posterior 
part.  Both  sporidia  and  germinating  filaments  have  the 
power  of  penetrating  the  epidermis  to  reach  the  cellular 
tissue  of  the  host.  But  when  the  apex  of  the  filament  has 
penetrated  into  the  interior  of  a  cell,  it  does  not  grow  free  in 
its  cavity,  but  becomes  enclosed  hy  the  inner  layers  of  the 
cell-wall  as  by  a  sheath.  Tliis  sheath  bIiows  the  ordinary 
reaction  of  cellulose,  and  can  often  only  be  recognised  by 
treating  the  preparation  with  potash,  covering,  as  it  does,  every 
hranchofthegerminatingfilamcntofthe  parasite  as  it  ramifies. 
The  mycelium  of  the  Urocystis  takes  from  eight  to  ten 
weeks  to  become  fully  developed.  The  ends  of  the  filaments 
then  swell  greatly,  and  become  filled  with  protoplasm,  but 
without  dividing,  the  terminal  portions  of  several  filaments 
become  closely  attached  to  one  another,  and  form  a  kind  of 
hall  which  gradually  becomes  uniformly  filled  with  a  fine- 
grained protoplasm,  containing  drops  of  oil,  and  enveloped 
in  a  membrane,  This  ball  finally  develops  into  the  group 
of  spores  with  its  peculiar  spore-like  appendages,  which 
appear  to  be  the  detached  apices  of  other  filaments  of  the 
mycelium. — A.  W.  Bennett. 

6.  PenicilHum  glauaim. — Brefeld  gives  in  'Flora,'  1873, 
p.  331,  a  short  aecount  of  the  results,  fuller  detailed  in  his 
recently  published  memoir  on  this  "  asexually  propagated 
form  of  a  hitherto  unknown  species  of  the  group  of  Asco- 
mycttes." 

Mucor  racemosus  and  Yeast,  —  Brefeld  contributes  to 
'  Flora'  (1873,  p.  385)  a  paper  on  this  subject,  with  some 
remarks  on  the  systematic  arrangement  of  Fungi.  ,  , 

7.  Prolomyces  microsporus,  Ung. — In  the  '  Botanische 
Zeitung'  for  February  De  Bary  describes  in  detail  the 
history  of  this  species.  Prolomyces  macrosporus,  Ung., 
remains  the  type  of  a  family  of  doubtful  affinity,  but  P. 
microsporus,  now  Eniyloma  Ungerianum,  De  Bary,  is  shown 
to  be  clearly  entitled  to  a  place  amongst  Ustilaginea. 

III.  Lichens. — The  literature  of  the  lichen-question  has 
been  fully  noticed  in  this  Journal,  Bornet  has  added  an  addi- 
tional confirmation  to  the  theory  wbich  daily  gains  ground  in 
a  note  ('Ann.  des  Sc.  Nat.,'  5e  eer.,  xis,  p.  314),  in  which  he 
announces  that  he  has  met  with  cases  in  which  Trentepahlia 
(CAroolepu^t  Auct.),  which  constitutes  the  gonidia  of  Ope- 
grapha,  has  emerged  from  the  lichen,  reaunied  it«  uormaiL 
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Btructure,  and  produced  sporangia  from  which  zoospores 
were  discharged.  He  has  also  mot  with  cases  in  which 
Collema  produced  young  individuals  of  iVo*/oc  by  a  kind  of 
pullulation. 

IV.  Hepaticte. —  Kienita-Gerloff  has  published  ('  Bot. 
Zeit.,'  Marcli  and  April,  1874}  the  result  of  his  stiitlies  in  the 
development  of  the  sporogonium  of  Riccia,  Marchanlia, 
PrHasia,  Pellia,  Melzfferia,  Frutlania,  Radula,  Liochlcena, 
Lepidozia,  Jungermannia,  and  Calypogela. 

V.  Marattiacese. —  1.  Angiopteria. — Tcbistiakoff  has  re- 
published ('  Ann.  des  Sc.  Nat.,'  5e  ser.,  xix,  p.  219)  an 
elaborate  memoir  originally  printed  in  Russian  on  the 
development  of  the  sporangia  and  spores  of  Angiopteris. 
The  purport  of  the  research  is  rather  to  throw  light  ou  the 
general  theory  of  the  vegetable  cell.  The  detailed  obser- 
vations differ  in  some  respects  from  those  of  Luerssen  and 
BuBSOW.  The  theoretical  considerations  areinharmony  witii 
those  of  Brucke  and  Hanstein  in  regarding  the  protoplasm 
as  an  organism  inferior  to  an  amoeba  because  deprived  of  its 
iudtvidnaiisation.  The  nucleus  and  nucleolus  are  regarded 
as  structures  brought  about  by  the  equilibrium  of  forces  to 
which  the  protoplasm  is  exposed,  and  are  therefore  by  no 
means  characteristic  of  it  in  its  most  active  condition. 

2.  Scalecopteris. — E.  Strasburger  describes  in  the  '  Jen- 
aische  Zeitschrift'  (1874,  pp.  81-95)  the  structure  (especially 
of  the  sporangia)  of  Scalecopteris  elegans,  Zenk.,  a  species 
of  Maraltiacex  ham  the  Permian  of  Ciieranitz.  The  details 
were  perfectly  preserved  in  chalcedony,  which  allowed  admi- 
rable sections  to  be  studied.  In  an  additional  plate  he 
figures  the  structure  of  the  sori  of  Angiopteris  evecta,  and 
Maratlia  Kauljussii. 

VI.  LyoopodiaoeBB. —  Aster ophyltites. —  Prof.  Williamson 
has  described  the  histology  of  this  very  remarkable  extinct 
type  ill  an  elaborate  memoir  ('  Phil.  Trans./  1874,  pp.  41 — 
81)  with  illustrative  plates. 

The  Oldham  form  in  its  youngest  state  first  appears  as  a 
mere  twig,  having  a  central  vascular  axis  enclosed  in  a 
cortex.  The  vascular  axis  consists  of  reticulated  vessels; 
its  transverse  section  is  triangular.  The  cortex  consists  of 
an  outer  prose nchymatoua  (solercnchymaV)  and  an  inner 
parenchymatous  layer.  As  the  plant  grew  successive  vas- 
cular layers  appear  to  have  been  added  to  the  exterior  of  the 
vascular  axis.  In  the  Burntisland  type  the  features  were 
essentially  the  same,  but  the  vessels  were  barred  and  not 
reticulate.  The  fructification  already  described  by  the 
aatboT  as    Volkmannia  Dawsoni  is  now  regarded  by  him  a» 
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^ftelongiog  to  Aster ophylUtes,  and  he  auggesta  that  the  curious 
spinous  bodies  from  the  coal  meaaurea  described  by  Mr. 
Carrutbera  as  a  carboniferous  type  of  Radiolarians  may  be  the 
spores  of  this  plant-  The  Volkmannla  Binneyi  of  Carrutbers, 
who  with  Binuey  and  Schimper  had  referred  it  to  Calamites, 
Williamson  supposes  also  to  belong  to  a  species  of  Astero- 
phyllile.i.  Carruthers  has  described  the  spores  as  furnished 
with  elaters,  which  was  a  strong  point  in  favour  of  their 
eqnisetaceous  affinity,  but  Williamson  "  rejects  this  interpre- 
tation, regarding  the  so-called  elaters  as  merely  the  torn 
fragments  of  the  ruptured  mother-cells  in  which  the  true 
spores  have  been  developed."  Asferopkyllites  appears, 
therefore,  to  belong  to  an  extinct  type  of  LycopudiacetB,  its 
asial  structures  having  some  points  in  resemblance  with  the 
existing  PsUolum  Iriqitelntm. 

VII.  PhanerogamB.—!.  Trichonies. —Oscas  Uhlworm  in  a 
series  of  papers  in  the  last  four  numbers  of  the  '  Botanische 
Zeitung'  for  1873  discusses  the  development  of  Trichumes 
especially  iu  reference  to  the  formation  of  prickles. 

2.  Lenticeh. — E.  Stahl  describes  the  development  and 
anatomy  of  lenticels  f  Bot.  Zeit.,'  1873,  5?7,  593,  609). 

3.  Chlorophyll. — i,  (j.  Brioai  describes  the  normal  forma- 
tion of  fatty  matter  in  chlorophyll  ('  Bot.  Zeit,,'  1873,  5-15). 
ii.  Prillieux  ('  Aun.  des  Sc.  Nat,,'  5e  ser.,  six,  108)  has  care- 
fully studied  the  curious  observation  first  made  by  Wiesner 
that  NeoUia  Nidus-avis  becomes  green  on  immersion  in 
alcohol,  and  afterwards  communicates  its  colour  to  the 
liquid.  lie  finds  that  the  brown  colour  of  the  plant  is  due  to 
crystalloids  or  miuute  corpuscles  with  a  crystalline  figure, 
which  they,  however,  lose  in  cousequence  of  swelling  when 
the  composition  of  the  cell-sap  is  notably  altered.  When 
these  crystalloids  are  treated  with  alcohol  or  acids  or  the 
plant  is  immersed  in  boiling  water,  they  become  green  by 
the  production  of  chlorophyll.  Prillieux,  however,  alto- 
gether doubts  whether  this  chlorophyll  is  present  In  the 
crystalloids  previously  in -a  disguised  state,  and  fiuds  no 
reason  for  believing  that  it  performs  any  physiological 
role. 

4.  Crystals  in  Cells. — Vesque  ('  Ann.  des  Sc.  Nat.,'  5e  scr., 
xix,  310}  lias  succeeded  in  reproducing  some  of  the  forms 
of  calcium  oxalate  met  with  in  plants.  In  a  5  per  cent, 
solution  of  glucose  and  a  2  per  cent,  solution  of  dextrine  he 
obtained  raphides,  while  in  acid  solutions  he  obtained  simple 
oblique  prisms. 

5.  Parasites. — Count  Solms-Laubach  describes  in  the 
'Botanische  Zeitung'  for  January  the  '  thallus'  of  Piia^b^^ 
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Hausshiechtii,  Boiss,  a  small  RafHesiaceoue  parasite  whick 
lives  upoii  species  of  Astragalus  iu  Syria  and  Kurdietaa. 

6.  Ramijicalion  and  Partilion  of  Puncfum  Veyvtalicmt. — 
E.  Warming  hiis  published  an  elaborate  memoir  ou  this 
subject  with  eleven  plates  and  a  French  resume  ('  Vid.  SeUk. 
Skr.'  5  R.  Naturv.  Math.  Affl.,  10  Bd.J.  The  pnuctum. 
vegetatioms  ia  that  region  the  special  function  of  the  cells 
of  which  is  to  furnish  new  cells  to  the  plant  or  its 
organs.  It,  therefore,  does  not  include  regions  the  func- 
tions of  whose  cells  is  the  genesis  of  lateral  organs,  or  of 
particular  tisBue!)  in  the  interior  of  organs.  The  terminal 
cells  ("  schietelzellen"),  or  homologous  groups  of  cells,  are 
therefore  the  piincta  vegetalionis  of  Cryptogams,  and  the 
group  of  apical  cells  discovered  by  Hansteiii  in  Phanerogams 
("  scheitelzellgruppe  ■")  is  equivalent.  Defined  in  this  sense 
the  inferior  limit  of  the  region  will  somewhat  vary.  If  it  is 
held  to  be  limited  by  the  uppermost  cell  of  the  prucambium, 
it  may  be  found  below  the  highest  lateral  structures  of  the 
stem,  especially  if  these  happen  to  be  buds  without  subtend- 
ing leaves. 

Warming's  investigations  on  the  histology  of  the  summit 
of  the  stem  quite  confirm  those  of  Ilanslein.  In  all  the 
phanerogamic  plants  which  be  has  examined  he  found  it 
covered  with  a  layer  of  dermatogen  divided  usually  only  by 
radial  partitions  and  sharply  defined  on  its  inner  contour. 
A  single  terminal  cell  never  occurs  even  in  Ulricularia  com- 
parable with  that  of  Cryptogams.  Of  the  three  systems 
of  meristem  in  the  stem  the  dermatogen  is  the  most  con- 
stant and  the  best  characterised ;  it  is  never  absent  even  when 
the  periblem  and  plerome  are  undifferentiated.  Generally 
speaking,  the  dermatogen  covers  a  more  or  less  regular 
cellular  tissue.  Immediately  beneatli  it  are  1-7  layersof  peri- 
blem which  cover  the  top  of  the  stem  like  a  sheath,  and  of 
which  the  cells  arc  usually  divided  by  radiating  partitions, 
Below  these  layers  the  stem  is  ordinarily  composed  of  plerome 
— the  mot  her- meristem  of  the  fibro -vascular  system  and  the 
pith — the  cells  of  which  are  usually  arranged  more  or  less 
vertically  and  regularly.  Warming  has  not  succeeded  in  de- 
tecting iu  the  different  layers  of  periblem  the  cell,  or  group 
of  cells,  which  might  be  regarded  as  the  punctum  veffetationU  oS 
each  layer.  But  the  series  of  cells  of  the  plerome  terminate 
above  by  a  group  of  cells  segmented  in  all  directions  and 
forming  a  tissue  more  or  less  irregular.  This  "  initial  group  " 
of  the  pleronae  may  even  consist  of  a  small  number  of  cells. 
arranged  with  great  regularity  or  (as  in  the  peculiar  shoots- 
of  U/ricularia  studied  by  Prin^8\iem^  of  a  single  cell,  \ 
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lere  appears  to  be  no  reason  for  accepting  with  Sanio  the 
existence  of  a  terminal  cell  to  the  plerome  segmented  after 
the  fashion  of  the  terminal  cell  iu  Cryptogams. 

In  luany  cases  the  essential  distinction  between  periblem  , 
and  plerome  cannot  be  recognised.  The  external  layers  of 
periblem  give  origin,ia  all  cases,  to  the  phyllomes.  According 
to  Hanstein,  they  originate  in  the  second,  third,  and  fourth 
layers,  butWarming  considers  that  it  is  only  exceptionally  that 
the  first  layer  does  not  also  take  part,  especially  in  the  case 
of  floral  leaves,  and  that  in  some  cases  this  is  the  only  one 
that  is  active.  The  dermatogen  also  plays  an  essential  part 
in  the  formation  of  leaves,  especially  the  floral ;  in  many 
cases  the  bracts,  stipules,  and  bud-scales  consist  principally  of 
epidermis. 

Hofmeister  appears  to  have  been  wrong  iu  supposing  that 
buds  are  always  formed  on  the  summit  of  the  stem.  Usually 
vegetative  buds  envelope  after  their  subtending  leaf;  in 
jEscuIus,  Syr'mga,  etc.,  it  is  easy  to  show  that  there  are  1-4 
pairs  of  leaves  above  those  of  the  axils,  of  which  the  first 
aegmeutations  for  the  formation  of  a  bud  have  taken  place. 
In  the  case  of  inflorescences  the  highest  new  structure  de- 
veloped from  the  stem  is  frequently  a  bud,  which  may  arise 
before,  simultaneously  with,  or  after  it«  subtending  leaf,  or 
without  there  ever  being  even  a  trace  of  this  as  iaCrudferte  and 
CompositiB.  The  question  then  arises  whether  these  buds — 
originating,  as  they  do,  on  the  summit  of  the  stem — are  to 
be  considered  as  formed  by  a  partition  of  the  punctum  vege- 
tationia.  Generally  speaking,  however,  especially  when  the 
apes  of  the  stem  is  very  conical,  it  is  easy  to  make  out  tliat 
the  buds  which  originate  at  the  base  of  the  cone  are  below  the 
group  of  apical  cells,  forming  the  true  punctum  vegetationia 
(as  iu  CompoaittE) .  In  a  small  number  of  cases  buds  originate 
BO  near  the  actual  summit  of  the  stem  that  the  peripheral 
cells  of  the  puncluiu  veyetationis  actually  do  take  part  in  their 
formation. 

In  some  such  cases  there  is  a  true  dichotomy  of  the 
vegetative  point ;  its  cells  divide  into  two  or  more  groups,  and 
each  of  these  becomes  a  point  of  departure  for  a  new  forma- 
tion of  buds.  This  has  been  ascertained  in  Hydrocharis  and 
'^ailisneria,  in  the  ramification  of  the  tendrils  and  less  dis- 

ictly  of  the  principal  axis  of  Vilis  vuipina,  in  the  inflorea- 

inces  o(  Aslepiadacete,  iu  the  acorpioid  cymes  of  Hyoscyamna 
and  Borragiaacets,  and  in  some  other  cases. 

Raraiflcation  by  partition  of  the  punctum  vegetationis  and 
by  the  formation  of  lateral  branches  have  been  regarded  aa 
yery   dill'erent  modes.     Warming  considers   thcra    aa    not 
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essentially  distinct.  In  the  vegetative  part  of  the  stem  the 
formation  of  the  leaves  is  the  main  object,  aud  tike  buds  do 
not  arise  till  they  have  acquired  a  considerable  size.  la  the 
region  of  inflorescence  the  formation  of  buds  becomes  of 
primary  importance;  they  increase  in  vigour  and  gradually 
advance  from  a  lateral  position  to  a  position  on  the  summit 
of  the  stem  near  the  median  line. 

It  has  been  supposed  thai  abnormal  formations  such  as 
fasciations  are  due  to  a  partition  of  the  punclum  vegetationit. 
Warming,  therefore,  studied  the  development  of  Celasia 
crutaia  and  of  Brussica  oleraca  var.  bob-ytis.  The  first 
developes  Its  inflorescence  like  a  Composite,  with  the  only  dif- 
ference that  its  receptacle  is  irregular  and  compressed,  and 
the  second  by  a  very  rapid  formation  of  buds.  But  in  neither 
was  there  any  trace  of  a  partition  of  the  vegetative  point. 

The  distinction  of  phyllomes  from  canlomes  by  morpho- 
logically and  genetically  distinct  characters  is  impossible. 
They  both  arise  from  the  peripheral  tissues  at  a  depth  which 
varies  with  the  size  they  subsequently  attain  ;  thus  bracts 
arise  very  often  in  the  first  layer  of  the  per ibl em,  while  canlomes 
hardly  ever  do  so,  but  most  usually  in  the  third  or  fourth 
layers.  A  distinctive  character,  perhaps,  consists  in  the  fact 
that  in  the  centre  of  phyllomes  procambium  cells  originate 
very  rapidly,  aud  the  tissue  is  consequently  far  from  offering 
the  same  regularity  as  the  plerome  of  young  caulomes. 

The  majority  of  buds  are  axillary;  this  is  so  uniform 
that  it  has  been  regarded  as  the  only  normal  one,  and  has 
led  to  the  supposition  that  the  buds  in  all  ebracteate  iuflores- 
cences  arise  from  a  partition  of  the  punclum  vegeiationiB. 
The  causal  nexus  between  the  leaf  and  its  axillary  bud  at 
present  remains  unexplained.  In  their  origin  they  are 
always  united  at  their  base,  and  they  may  be,  perhaps, 
regarded  as  forming  a  whole  of  which  the  two  constituent 
portions  have  a  diflerent  morphological  character  according 
to  the  role  which  they  have  to  fill ;  it  is  sometimes  one,  some- 
times  the  other  part  of  the  double  organ  which  is  developed, 
while  in  other  cases  both  are  in  equilibrium. 

.  7.  Perigynium  of  Carex. — Dr.  McNab  and  W.  T.  Thiseltou 
Dyer  contribute  observations  on  this  structure  to  the 
'Journ.  Linn.  Soc.,'  xiv,  152  and  154,  which  appear  to 
prove  that  it  is  a  foliar  organ,  consisting  of  a  bract  alter- 
nating with  that  which  subtends  the  whole  flower. 

8.  Development  ofBudsofMalweia. — Prof.  Dickie  describes 
in  the  'Journ.  Linn.  Soc.,'  siv,  180 — 182,  the  develop- 
ment of  the  buds  on  the  leaves  of  Malaxis.  "  The  bodies  iu 
question  agree  with  the  ovule  in  this :  the  nuctens  appearg 
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first,  and  the  coat  next  in  order — both,  however,  being  pro- 
duced by  differentiation  from  the  same  mass  of  parenchyma/' 
It  is  difficult  to  accept  this  view — unsupported  as  it  is  by 
similar  facts — without  further  investigation. 

9.  Ovule  and  Seed, — i.  In  an  elaborate  paper  (^  Ann.  des 
Sc.  Nat.,'  5  ser.,  xix,  5)  on  the  development  of  these  structures 
in  SchrophulariacecB,  Solanacece,  Boraginaceoe,  and  Labiatce, 
Chatin  appears  to  have  arrived  at  no  general  result  of  import- 
ance. He  congratulates  himself  on  having  seen  a  pollen  tube 
enter  the  micropyle  of  Veronica  Charmedrys,  Schacht  long 
ago  pointed  out  that  this  phenomenon  might  generally  be 
demonstrated  in  V,  serpyllifolia,  when  tlie  corolla  had  just 
fallen. 

ii.  Dr.  Hooker,  in  a  paper  in  the  '  Journ.  Linn.  Soc.,'  xiv, 
182-188,  identifies  the  Hydnora  americana  of  H.  Brown 
with  De  Bary's  Prosopanche.  He  confirms  De  Bary's 
observation  of  the  ovules  being  actually  buried  in  and  con- 
fluent with  the  placental  tissues. 

iii.  According  to  Warming  (1.  c,  xvi  and  xxxv)  ovules 
are  most  frequently  metamorphosed  caulomes.  They  origi- 
nate beneath  the  first  layer  {Euphorbia,  Scrophularia)  of  the 
periblem,  sometimes  in  this  layer  itself  [Ranunculus  acris), 
or  as  buds  on  the  base  of  foliar  organs  [Salix),  The  in- 
teguments  of  Euphorbia  originate  in  a  great  measure  in  the 
dermatogen.  Warming  regards  these  as  phyllomes  and  the 
nucleus  as  a  caulome.  The  embryo-sac  is  sometimes  formed 
of  a  cell  of  the  first  layer  of  periblem  {Scrophularia,)  In 
Euphorbia  it  appears  to  originate  from  the  second  layer. 
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JloVAL  MituoscoPicAL  SociKTir. 
February  ith,  1874. 

Tais  being  die  Aaoual  General  Meeting,  the  Officers  and 
CouDcU  tor  the  ensuing  year  were  elected  as  follows,  viz. — 

/Ve«rfenf.— Charles  Brooke,  M.A.,  F.B.S. 

Fice-PrMiWeni*.  —  Robert  Briiithwaite,  M.D.,  F.L.S.;  John 
Miller,  L.R.C.P..  F.L.S. ;  William  KitPheo  Parker,  F.R.S. ;  frands 
H.  Wen  bam,  C.E. 

JVeamirer.— Jo lin  Ware  Stephenson,  F.R.A.S. 

SecreiariM.— Henry  J.  Slaclf,  F.G.S. ;  Charles  Stewart,  M.R.CS., 
F.LS. 

CounciX— JameB  Bell,  F,C  S. ;  Frank  Crisp,  LL.B.  B.A.; 
William  J.  Gray,  M.D.;  John  F.  Ingpen,  Esq.;  Saronel  J.  Mclnlin, 
Esq. ;  Henry  Lee,  F.L.S. ;  William  T.  Loy,  Esq.  ;  Henry  LawaoD, 
M.D.i  Henry  Perigal,  F.B.A.8.;  Allred  Saunders,  M.R.C.S.j 
Charles  Tyler,  F.L.S.;  Thomas  C.  While,  M.R.CS. 

The  Annual  Report  of  the  Society  was  read,  from  which  it 
appeared  that  nine  Fellows  had  been  elected  during  the  past  year, 
and  five  had  died  during  the  name  period.  Among  the  latter  wtu 
Mr.  Cornelius  Varley,  one  of  the  founders  of  the  Society,  and,  like 
his  distinguished  brother  John  Vnrley,  well  known  as  a  water- 
colour  painter.  He  contributed  several  pnpers  to  the  '  Transactiuns' 
of  the  Society,  and  invented  many  improvements  iu  the  microscope. 
Mr.  Varley  died  iu  his  uiaety-second  year. 

A  new  bye-law  relating  to  the  election  of  Corresponding  Feliowt 
was  proposed  and  passed. 

Ihe  President  then  delivered  the  annual  address. 

He  stated  that  renewed  application  had  been  made  to  the  Govern- 
ment for  accommodation  for  the  Society  in  Burlington  Houie, 
but  that  the  matter  was  still  under  consideration. 

The  President  referred  to  some  of  the  papers  which  had  been 
published  in  the  Journal  of  the  Society,  especially  one  by  Dr. 
Pritchard,  on  the  cochlea,  read  before  the  Medical  Micrnscopioi 
Society!  Mr.  Wenham's  on  a  new  formula  for  an  object-glass, 
some  contributions  by  Dr.  Roy  a  ton -Pi  go  tt. 

The  President,  having  Ulled  the  oHice  of  scientific  juror  at  the 
Vienna  Exhibition,  spoke  of  some  of  the  microscopea  aud  objectivei 
(here  eshibited,    singling  oal  lUoae  of  Hartnack  for  apecial  eon- 
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by   Gundlacb   and    Nachet   ' 
by  EriglUb  mnkci's  bad  come 


ftiendatioo,  wliile  other 
deecribed  as  good.  Non 
notice. 

Murck  4lA,  187-1. 
Charles  Brooke,  Esq.,  F.R.S.,  President,  in  tbe  choir. 
Mr.  Alfred  Sanndera  read  a  paper  entitled  "A  CuDtribution 
towards  a  KDOwledge  of  AppeucJiciilaria,"  in  which  he  minutely 
described  the  appearance  and  Btructure  of  Bpecimens  fuund  at 
Torquay  and  Weynioulh.  A  paper  by  Dr.  lloyston-Pigott,  F.R.S., 
entitled  "  A  Note"  on  the  Verification  of  Structure  by  the  MotioQ  uf 
Compressed  Fluid,"  and  another  by  the  same  author  on  *'  A  Note  on 
the  President's  Hemiirks  on   Dr.  Pigott'a   Searcher  for  Aplanatic 

The  first  paper  gave  an  account  of  some  appearances  produced 
in  the  "  beads"  and  other  minute  structures  of  certain  microscopic 
objects  by  tbe  movements  and  currents  in  the  Huid  produced  by 
pressure  applied  to  the  covering  glsas.  The  objects  were  immersed 
in  various  fluidii,  such  as  Uaugoon  oil,  glycerine  containing 
chloride  of  gold  in  solution,  &c.,  and  pressure  applied  by  the 
direct  contact  of  tbe  objective  (a  ^  or  J)  with  tbe  cover  glass. 
The  method  was  chiefly  applied  to  determine  certaia  points  in  the 
structure  of  the  Podura  scale. 

In  his  second  paper  Dr.  Pigott  gave  an  explanation  of  his 
'aplanatic  searcher,'  which  be  defined  as  being  a  new  expedient  for 
balancing  spherical  and  chromatic  aberration,  being  on  a  large 
scale  precisely  what  tbe  adjusting  screw  collar  of  an  objective  is  on 
a  minute  scale.  The  collar  separates  the  front  lens  by  thousandths 
of  an  inch.     The  searcher  traverses  inches. 


Jpril  \H,  1H74. 
F.  H.  Wbnuam,  Esq.,  Vice-President,  in  tbe  chair. 
'A   paper  by   Dr.   Anthony,  "On    the   Structure  of  a  Lcpisma 
was  read  by  tbe  Secretary,  &c. 

Wenhnm  made  a  communication  on  an  instrument  for 
excluding  extraneous  rays  in  measuring  apertures  of  microscope 
object-glasses,  and  demonstrated  his  method  to  tbe  Society. 

Mr.  S.  J.  Mclntire  read  a  "Note  on  a  curious  proboscis  of  an 
unknown  Moth."  The  proboscis  ended  in  a  hard  chitinous  point, 
and  was  furnished  with  several  formidable  recurved  spines,  so  as  to 
be  fitted,  apparently,  both  for  penetration  and  retention.  The  spe- 
cimen came  from  Western  Africa. 

A  "scientific  evening"  was  held  on  April  15t.h,  in  tbe  great 
Hall  of  King's  College,  when  a  number  of  iuteresting  objects  were 
>z  hi  hi  ted. 
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PRUCEEDINGS  OF  SOUtCTIES. 


Mkdical  MrciLOStopiCAL  SociEir. 
20(fA  March,  1874. 

Staining  with  Aniline  Di/es_for  Balaam  Mounting. — Mr.  George 
Gibbu  rtada  paper  on  thia  subject,  which  he  was  first  led  to  study 
i'rom  reading  tho  following  iioasage  in  Frey's  "The  MiLToacope :' 
— "  It  Ih  very  unfortunate  that  ali-ohol  boou  extrai-ts  the  coloiir  [of 
auilitie  red],  ho  that  it  is  impossible  to  preaervu  tlie  specimen  in 
Canada  balsum." 

To  obviate  this  inconvenieuce  he  tried  a  2  per  cent.  Bolutiou  of 
aniline  in  spirit,  aud  then  found  thut  by  staiuing  sectioos  that 
had  been  in  spirit  with  this  solution  for  three  or  four  minutes, 
rinsing  in  spirit,  and  placing  Bubsequently  in  oil  of  cloves,  the 
colour  was  perfectly  preserved  when  the  Bjiecimen  was  mounted 
in  Canada  balsam. 

Oil  of  cloves  was  preferable  to  turpentine,  tho  latter  at  times 
precipitating  the  colouring  matter ;  but  should  tluK  occur,  bruah- 


g  with  a  camel's  hair  pencil  would  remove  the  deposit. 
GibbB  claimed  three  advantages  for  thia  metbod : — Ist.  Its 
cleanlineaa.  2nd.  That  one  bas  tbe  most  perfect  control  over  the 
depth  of  colour  obtained  by  regulating  tbe  tiuieoftbe  subaequent 
washing  in  apirit.  3rd.  That  the  colour  ia  lesa  trying  to  the  eyes 
than  that  of  carmine.  Its  selective  power  waa  greater  than  that 
of  Frey'a  aqueous  solution  of  aniline,  the  nerve-fibres  of  the 
spinal  cord  as  well  as  tbe  nuclei  of  cells  being  vividly  brought 
out. 

Staining  with  Ftcro-earminale  ofAmmmia. — Tbe  Secretary  read 
Dr.  £.  Cresswell  Baber's  paper  upon  this  subject,  which  is  pub- 
lished in  extenso  in  the  present  number  of  the  Journal. 

Dr.  Matthews  remarked  that  some  tissues  attract  red  rather 
than  purple  colours;  thus  nuclei  generally  were  more  easily 
stained  by  the  former.  Judson'a  dycB  he  had  found  useful. 
Eef'erred  to  Prei's  methods  if  employing  pico-carmine ;  had  ob- 
tained good  results  from  first  staining  in  carmine,  and  subse- 
quently in  a  solution  of  picric  acid.  He  had  fouud  Stevens' 
writing  fluid  a  ready  and  useful  stain  for  sections. 

Mr.  White  had  Ibund  a  section  of  epithelioma  stained  with 
logwood,  and  then  with  picric  acid,  showed  the  yellow  centres  of 
tbe  "birds'  nests"  described  by  Mr.  Baber,  while  the  surrounding 
parts  were  tinted  by  the  haaraatoiyliQ,  Had  only  used  carmine 
and  picric  acid  as  separate  Bolutions,  but  by  this  means  had  seeu 
yellow  channels  of  commnnieation  from  one  bird'a  neat  to 
another. 

Mr.  Kesteven  asked  if  aniline  dyes  were  permanent. 

Mr.  Atkinson  found  that  crystallized  mngetita,  when  firat  used 
for  staining  sections  became  blue,  and  then  after  a  time  c 
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peared ;  but  moimting  in  one  third  per  cent,  of  corroBive  anblimate 
prevented  this. 

Mr.  Schafer  had  eiven  up  carmine  because  of  its  too  brilliant 
colour,  and  alwaya  used  logwood,  which  he  found  selective  in  pro- 
perty. He  thought  oainic  acid  belter  than  picric  carmine  for 
Derve-tiasues,  and  remarked  that  Dr.  Sharpey  had  long  ago  used 
magenta  for  etainin;;  the  ajiis  cylinders  of  nerves. 

Mr.  Miller  had  found  s  solution  of  carmine  and  a  1  per  cent, 
solution  of  picric  acid  in  alcohol  and  water  especially  good  for 
R|)lenicand  imatriped-muacular  fibres.  He  preferred  carmine  to 
logwood. 

Mr.  Groves,  except  in  the  case  of  nerve-structureB,  preferred 
logwood  to  carmine.  The  double  staining  of  logwood  and  gold 
chloride  was  good  for  nerves  and  nuclei,  and  especially  for  such 
Btructurea  aa  fnsg'a  bladder. 

Mr.  Golding  Bird  mentioned  Dr.  Meson's  use  of  Stevens's 
writing  fluid  for  Btaioiog  nerve-atructures,  and  mentioned  a  fact 
communicated  to  him  by  Dr.  Malassez,  of  Paris,  that  aniline  dis- 
solved in  spirit  was  especially  good  for  studying  osi^ificatioQ  of 
cartilage ;  tor  it  stained  the  cartilage  but  not  the  newly  formed 
bone,  while  an  a<]ueous  solution  nf  aniline  stained  the  c^naliculi 
and  not  the  bone  substance,  but  was  not  permanent  like  the 
alcoholic  solution. 

The  President,  in  proposing  a  vote  of  thanks  to  the  authors  of 
the  papers,  which  was  duly  accorded,  remarked  that  mora  in- 
vestigation was  required  on  the  subject  of  staining  fluids,  and 
recommended  it  as  an  object  of  speciEil  study  that  would  certainly 
be  productive  of  useful  results. 

Miliary  SelerosU.  —  Mr.  W.  E.  Kesteven  read  a  paper 
upon  a  form  of  grey  degeneration  occurring  in  the  brain  and 
spinal  cord,  and  designated  by  Drs.  Batty  Tuke  and  Rutherford, 
"  miliary  sclerosis."  The  author  showed  examples  of  this  lesion 
by  sections  and  drawings.  The  change  is  associated  with  a  wide 
range  of  diseases  of  the  nervous  centres.  He  enumerated  as 
many  aa  twenty  morbid  conditions  in  which  he  had  met  with  the 
so-called  miliary  sclerosis.  The  essential  characters  of  this  lesion 
Mr.  Kesteven  showed  to  consist  in  the  absence,  in  circumscribed 
patches,  of  the  normal  nerve-tissue,  and  its  replacement  by  an 
altered  and  degenerate  slate  of  the  neuroglia.  The  spots  vary  in 
size  from  jJ^th  in.  to  jHjjth  in.  in  diameter.  Their  physical  cha- 
racters were  described  in  detail,  and  the  author  then  proceeds  to 
discuss  the  question  of  how  this  character  was  connected  with 
previous  ayniptoms,  and  whether  it  is  possible  that  they  could  be 
the  result  of  niero  post-mortem  changes.  These  questions,  he 
submitted,  were  aa  yet  unanswered.  Judging  from  the  great 
diversity  of  pathological  conditions  in  which  this  degeneration  is 
met  with,  he  deemed  the  solution  of  the  problem  impossible,  with 
our  present  amount  of  knowledge  in  neuro- pathology. 

Dr.  Payne  asked  whether  Mr.  Kesteven  had  found  miliary 
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Beleroah  in  a  epiaal  cord  or  brain  otherwise  quite  healthy,  4^1 
diaciisxed  the  question  as  to  whether  the  changee  described  might 
not  be  the  commencemeut  of  eecondary  degenerations  of  rier?eB, 
aa  ja  seen  to  result  from  inactivity  of  a  nerve  arising  from  any 
cause,  or  of  the  waaliug  of  certain  nerve-fibres,  that  might  go  on 
to  worse  changes. 

Mr.  Schafer  took  eiceptioo  to  the  name  as  giving  the  idea  of 
fibrous  or  cicatricial  tisaue,  whereas  what  had  been  described  was 
rather  colloid  in  nature,  for  at  times  it  could  be  stained  iatensely. 
He  had  seen  miliary  sclerosiB  in  the  brain  of  a  supposed  healthy 
dog  that  had  been  hardened  in  chromic  acid,  and  from  this  be 
concluded  that  the  alcohol  used  to  prepare  the  specimens  could 
not  be  the  cause  of  the  "  scleroeix,"  ae  had  been  alleged,  seeing 
that  he  had  used  none.  As  the  disenao  followed  no  special  tracts 
he  considered  it  could  not  be  simply  degeneration  of  nerve- 
fibres. 

Dr.  Matthews  asked  whether  coincident  disease — as  atheroma — 
of  the  vessels  of  the  brain  had  been  noticed. 

The  President  had  seen  miliary  sclerosiB  accompanied  by  cal- 
careous change  in  the  vessels,  and  ia  a  case  where  death  reaulti;d 
from  cerebral  htemorrhage  ;  also  in  preparations  of  brain  made  by 
Dr.   Crisp  from   the  lower    auimals,    and  hardened  in  cbromii: 

Mr.  ICesteven,  in  reply,  considered  the  term  sclerosis  certainly 
more  applicable  to  the  cases  where  the  diaeaaa  occurs  enpl&quet. 
There  was  nothing  of  fibrous  nature  in  the  condition  he  had  been 
describing ;  still,  Dr.  Tuke  had  given  the  name  originally.  He 
did  not  consider  the  alteration  colloid,  though  at  Grst  aight  re- 
aemblmg  it  i  nor  had  he  noticed  the  change  in  connection  with 
atheromatous  vessels,  though  at  times  the  bodies  described  were 
calcareous  and  gritty  ("  brain  sand").  Agreed  with  Mr.  Schafer 
in  not  conaidering  the  condition  as  one  of  nerve-fibre  degeneration, 
and  was,  in  fact,  still  seeking  an  explanation. 


18(i  April,  1874. 

Diphtheria. — Dr.Greenfield  read  a  paper  which  was  founded  upon 
the  microscopical  esamination  of  specimens  trom  fi.ve  cases  of  diph- 
theria, sad  was  illustrated  by  preparations.  The  author,  in  remark- 
ing upon  the  obscurity  and  doubt  which  still  seemed  to  exist  upon 
the  origin  and  structure  of  the  diphtheritic  false  membrane,  stated 
his  belief  that  this  arose  in  part  from  the  confuaion  in  tlje 
nomenclature  in  common  use,  especially  the  fact  that '  croupous ' 
and  'diphtheritic'  were  terms  used  in  dillereut  seusea,  clinically 
and  hiatologicnlly. 

An  examination  of  bis  casea  showed  in  all,  in  the  larynx  and 
trachea,  the  mucous  membrane  surrounding  the  deeper  tiasues  in 
a  state  of  more  or  less  intense  inflammattou  of  ordinary  character, 
whilst  the  fa.]ae   membrane   couiiisted  for  the  moat  part  of  b 
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stratified  network  of  a  substance  giving  the  reactions  of  fibrin,  in 
the  meslies  of  which  wore  contained  altered  epithelial  cells  and 
corpuscles. 

Tiie  amount  of  adhesion  to  the  mucous  memhrane  was  various, 
tut  in  no  case  did  the  exudation  actunlly  pnas  into  its  substance, 
although  in  some  cases  it  appeared  adbercut  by  Sbrinous  bands  to 
the  papillie. 

After  describing  the  views  of  Wagner  and  of  other  Oerraaa 
pathologists,  the  author  stated  hia  belief  that  the  false  mem- 
braue  conaiated  iu  part  of  a  catarrhal  process  with  modittoations 
ia  tbe  epithelium,  aad  iu  part  of  a  true  fibrinous  exudation. 
These  views  were  supported  by  tlie  comparative  examination  of 
specimens  taken  from  cases  Jn  various  stages. 

In  the  pharynx  the  ittflammatory  process  was  stated  to  extend 
much  deeper  than  in  the  trachea,  and  to  be  accompanied  by  a 
more  rapid  destruction  of  tissue.  The  false  membrane  was 
believed  to  consist  in  a  larger  measure  of  altered  uella. 

Tbe  question  of  tlie  occurrence  and  importance  of  fungous 
growth  in  the  mucous  membrane  was  then  described,  and  the 
author  showed  apeeiraens  from  the  pharynx  containing  numbers 
of  minute  fungus  spores  and  a  delicate  mycelium  deeply  pene- 
trating the  inftamed  mucous  membrane.  He  bad  not,  however, 
been  able  to  find  any  similar  appearance  in  the  larynx,  or  trachea 
of  the  same  or  other  cases,  and  he  cooaidered  it,  tlierefore,  still 
an  open  question  how  far  the  fungus  was  au  accidental  occurrence, 
aad  what  was  its  relation  to  the  disease. 

The  President,  after  proposing  a  vote  of  thanks  to  the  author 
of  the  paper,  stated  his  belief  that  fungous  growths  might  be 
always  found  in  tbe  raucous  membranes  in  certain  low  states  of 
health,  and  considered  a  fungus  in  diphtheria  an  accidental  rather 
than  an  eBseutial  occurrence.  He  could  not  agree  with  Dr. 
Oacar,  who  held  that  the  diseaae  waa  owing  to  the  presence  of 
fungus.  He  had  examined  more  than  one  case  of  diphtheritic 
coQJunctivitis,  in  which  disease  the  exudation  forms  very  rapidly, 
but  had  never  found  any  fungus.  The  position  of  a  vegetable 
parasite  upon  the  body  had  much  to  do  with  its  influence  upon 
the  disease  it  accompaoied  or  of  which  it  waa  the  cause  ;  hence 
some  importance  might  be  attached  to  the  specimen  shown,  where 
the  fungus  was  deep  in  tbe  inflamed  mucous  membrane. 

Dr.  Bruce  remarked  that  croup  is  generally  deSued  aa  owing 
to  a  false  membrane,  on  the  removal  of  which  healthy  mucoua 
membrane  is  loft ;  this,  however,  the  paper  would  disprove,  since 
Dr.  Greenfield  had  shown  that  not  only  the  mucous  and  sub- 
mucous tissues  were  at  times  reached  iu  croup,  but  that  even  the 
tracheal  rings  might  be  in  part  destroyed.  He  had  al'<o  noticed 
the  small  cavittea  or  vacuoles  described  in  the  false  membranes, 
andthoughtthemowing  to  the  exudation  from  the  ducts  of  mucoua 
glanda.  These  spaces  were  at  times  filled  with  exudation  cells. 
The  raucous  epithelium  is  not  necessarily  destroyed  by  the  false 
it  may  sometimes  be  teen  covered  by  the  latter. 
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Eiiidatioii  of  fibrin  wodld  fully  aocoiiot  for  the  false  membrnne 
upon  tha  mucous  membraiie,  without  iaterferiog  with  the  epi- 
thelium coveriogthe  latter,  through  whieh  waaderins  cella  might 
ensily  pass;  and  n  pruuedent  lor  fibrinuus  exudatioa  on  a  mucous 
surface  might  be  found  in  croupous  pneumonia. 

Mr.  Needhnm  thought  that,  as  pus  could  come  from  a  serous, 
.    fibrifl  miglit  from  a  mucoua  membrane. 

Dr.  Couplund  thought  the  diff-;ront  byers  in  the  false 
membraue  showed  a  mixed  origin  ;  thus  the  surface  of  it  was 
more  coarsely  fibrillated  than  the  deeper  parts,  which  were  much 
finer,  as  though  there  had.  been  first  a  catarrh,  destroying  the 
epithelium,  and  then  fibrinous  exudation  last  of  all. 

Mr.  Stowers  Sished  for  a  verification  of  the  observatioo  made, 
that  the  histological  appearances  in  the  angina  form  of  scarlatina 
and  in  a  blistered  sur&ce  were  those  of  diphtheria. 

Mr.  Miller  referred  to  Rindfleisch's  remark  that  the  exudation 
in  pharyngeal  affections  was  more  cellular  and  less  fibrillated 
than  in  laryngeal ;  as  well  as  to  the  existence  of  apertures  in  the 
basement  membrane  of  the  aKectd  parts. 

The  Proaidcnt  thought  the  n on- homogeneity  of  the  false  mem- 
brane might  be  explained  by  the  different  ages  of  its  component 
parte,  and  suggested  that  the  fungi  so  commonly  found  in  diph- 
theria might  owe  their  presence  to  the  open-mouthed  mode  of 
respiration  in  diphtheritic  patients ;  in  the  two  cases  of  diphthe- 
ritic oonjoncticitia  already  mentioned  the  eyes  had  been  kept 
constantly  bandaged,  and,  as  stated,  no  fungus  had  been  found. 

Dr.  Greenfield,  in  reply,  quoted  German  authority  for  the 
constant  presence  of  fungus  in  diphtheria;  and,  since  fungi  ia 
the  kidney  had  also  been  described,  they  might  serve  to  explain 
the  renal  complications  so  constantly  present.  The  only  way  to 
get  at  a  life.history  of  a  false  membrane  wua  to  examine  in  the 
same  subject  the  patches  in  all  stages  of  growth.  Ho  had  done 
thiit,  hut  had  only  found  at  first  a  catarrhal  state,  and  later  on 
pus-globules  and  fibrillation  on  the  deeper  surface  of  the  mem- 
brane. The  fibrinous  exudation  in  pneumonia  was  no  precedent 
for  the  same  process  in  diphtheria,  since  tha  air-cells  might  be 
proved,  and  were  by  aomo  thoughi.  to  be,  part  of  the  lymphatic 
system.  Epithelium  in  place  would  not  allow  fibrin  to  exude,  but 
once  destroy  the  former  and  then  e.tudation  was  easy.  Two 
theories  existed  with  regard  to  the  part  played  by  fungi  in  diph- 
theria, one  that  they  were  its  cause,  the  other  only  the  cause  of 
the  rapid  disintegration  of  the  membrane ;  it  was  a  subject  still 

Numerous  specimens  in  illustration  of  Dr.  Greenfield's  paper 
were  exhibited,  as  well  as  others  of  new  growths,  and  of  the 
glandular  stomach  of  the  crow. 
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^"  15lh  May.  1874. 

Moliaaeum  jthrotum  (?  (Jkeloid').^Y)T.  Pritchiird 'mentioned  the 
case  of  It  negro,  who  for  twenty  yeara  had  beeneubjectto  a  growth 
originating  behind  otm  ear,  and  gradually  extending  over  nearly 
all  the  body.  After  death  a  portion  of  the  Hkin  with  growth  was 
forwarded  to  him  (troni  America),  as  iUustrating  "  Cbeloid  Bimii- 
lating  Mhllugcum  fibrosiim."  Microscopically,  the  cutis  vera  was 
found  hypertrophied ;  here  and  there  maaseii  of  cells  between  the 
fibres  of  the  areolar  tisssue ;  epidermis  much  thickened,  hair- 
follicleB  normal ;  papillfe  had  grown  regularly  and  sideways,  and 
not  vertically  as  normal.  He  considered  it  simply  a  case  of  Mol- 
luteumjibroaum,  not  of  Cheloid.  Engravings  of  the  patient,  with 
specimens  of  the  diseaee,  were  exhibited. 

Mr,  Kecdham  tbought  the  condition  of  the  papillte  normal  in 
the  negro. 

JPerivagcular  Spaces  in  the  Srain. — Mr,  Kesteyen  read  a  paper 
on  this  subject,  illufetrated  by  drawings  and  Bpeeimens.  These 
spaces  had  been  considered  normal  structures,  intended  to  relieve 
intracranial  hlood-presaure  -,  hut  Mr.  Keateveii  had  never  seen 
them  is  a  really  healthy  brain  ;  had  often  noticed  them  associated 
with  chronic  cerebral  mischief,  and  hence  concluded  they  were 
owing  to  absorption  of  brain-substance  by  the  irregular  circulation 
that  goes  on  io  chronic  disease,  the  vessels  being  at  one  time  full, 
at  another  nearly  empty.  Though  the  mode  of  preparation  in 
chromic  acid  might  render  these  spaces  more  evident  by  the 
shrinking  of  the  blood-vessel,  he  did  not  think  it  sufiicient  to 
account  entirely  for  them.  He  could  find  in  the  perivascular 
spaces  no  resemblance  to  normal  lymphatic  structure,  while  Dr. 
Batty  Tuke  had  now  abandoned  the  idea  that  they  denoted  a 
healthy  condition  of  brain.  Dr.  Pritchard  considered  them  eatii-eJy 
owing  to  the  mode  of  preparation  in  chromic  acid ;  he  had  never 
found  them  in  sections  made  by  freezing  the  brain.  Mr.  Need- 
ham  argued  their  belonging  to  the  lymphatic  system,  though  not, 
strictly  speaking,  "lymphatics."  The  President  explained  them  in 
some  cases  by  the  giving  way  of  the  capillaries  around  which  they 
were  found;  he  had  seen  the  brain- substance  stained  with  hte- 
matin  in  their  vicinity ;  hence  an  explanation,  perhaps,  for  some 
of  the  anomalous  convulsions  of  childdood.  Thought  proof  waa 
wanting  of  thetr  connection  with  the  lymphatic  system,  Mr. 
Toirard  asked  if  in  injected  brains  these  spaces  were  seen,  or 
were  obliterated  by  the  distension  of  the  vessel.  In  reply,  Mr. 
Golding  Bird  statc^d  that  be  had  never  seen  them  in  injected 
specimens.  Mr.  Groves  asked  if  Mr.  Kesteven  had  ever  examined 
the  spaces  by  staining  with  nitrate  of  silver?  Mr.  Kesteven, 
quoting  Mr.  Batty  Tuke,  stated  that  the  spaces  had  been  found 
m  the  lower  animals  (e.g.  cats)  after  atrangulatioa ;  and  that, 
though  the  vessels  thus  remained  full,  a  space  could  be  seen 
beyond.  He  had  never  seen  anything  to  warrant  the  supposition 
that  they  were  owing  to  hsemorrliage.     He  knew  of  no  anatomist 
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having    traced    these    spaces  into    lymphatits 
injecti-d  by  Uia  bj  the  puncture  metbod. 

Multiple  G/ttio  Tumour  of  Breast. — A  specimen  of  this,  ex- 
hibited  by  Mr.  Needham,  seemed  to  show,  from  tbe  excess  of 
epitbelium  iu  the  mammary  tubuiea,  and  the  epithelial  luflltra- 
tration  of  Burroundiug  parte,  at  once  a  cyatic,  adeoomatoua,  and 
CHDCerous  nature.  Mr.  Needbam  founded  his  idea  of  cancer  on 
the  arrangeoient  and    not  on  tbe  iniriusiu    form  of  the   c«lk 


composing  it. 
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Hairs  and  EpidermM  of  Oxalis.—'Dr.  Moore  showed  hairs  of  a 
Cape  speciee  of  O^ealijn,  atiiiided,  as  ia  so  common  tvitb  moat  speciea 
of  the  genua,  with  transpareot  papillae. — He  also  showed  the 
epidermia  of  the  lower  surface  of  a  leaf  of  OxaUi  fragrnns,  whiuh 
snowed  the  cells  tilled  with  purple  sap,  amongst  which  were 
abundance  of  transparent  stomata. 

Notes  on  Bermuda  Dialtinn.- — Eev.  E,  O'Meara  showed  some 
Diatoms  from  Bermudas  in  u  coUeetion  made  by  Mr.  Moaeley,  of 
the  "  Challenger  "  expedition,  at  the  aouth-weat  bank,  BermudaB, 
from  a  depth  of  thirty-one  fathoms,  23rd  April,  1873.  This 
abounded  with  forms  belonging  to  the  genera  Shabdonema, 
Itthmia,  Podoci/itia,  Qrammatophora,  and  Cocconeis.  The  Isthmia- 
tbrm  was  similar  in  aome  respects  to  /.  enervii  (Ehr.),  but  it  was 
considered  by  Mr,  Kitten,  of  Norwich,  to  be  identical  with  iS. 
Mintma  (Harvey  et  Bailey).  Several  specimens  of  Oram7naiopkora 
gerpaatina  (Ehr.)  occurred,  which  were  remarkable  for  tbe  stria- 
tion  being  much  coarser  and  tbe  internal  spiral  atructore  bedng 
longer  and  of  greater  tenuity  than  is  osual  with  the  forms  of  that 
Bpeciea  found  commonly  in  our  country,  tSome  few  specimens  of 
Maoieula  api»,^\it., Sarirtllajiistuota,  Ehr.,  Aetinoptyaut tenariui, 
Ehc,  OoscinodisEUg  radiatus,  Ehr.,  Hynedra  robwta,  Balfa,  were  met 
with,  as  also  numerous  specimens  of  CoceoneU  erebrislriata,  Qtev., 
O.  coronata,  C.  punetatisnma,  &reville,  and  C.  Jimbriata,  £br. 
Four  specimens  were  found  of  a  new  species  of  Naaicula, 
previously  found  in  Ireland  by  Mr.  O'Meara  and  named  N. 
PJilzenana.  There  were  also  other  forms  requiriug  further 
study. 

Sodium  Ohloride  Crystals  in  presence  of  Urea. — Mr.  B.  WiUa 
Richardson  exhibited  some  crystals  of  sodium  chloride  which  he 
obtained  from  a  saturated  solution  of  this  salt  to  which  a  solution 
of  urea  hod  been  added,  The  crystals  were  much  modified  in 
form  hy  the  presence  of  the  urea ;  one  very  large  (microscopic) 
rhombic  dodecahedron  attracted  a  good  deal  of  attention,  its  fonn 
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being  moat  pert'oct.  The  crystals  were  mounted  in  Elciii's 
(UmmAF  fluid. 

Trichomanet  radicang.—Dr.  McNab  showed  some  preparations 
illuatrative  of  the  Iiidii^ia,  and  tjpomnc^ia  of  thiu  tern. 

Structure  of  Spines  of  Stroinji/lotientriituii  lieidtts. — Mr,  Mackin- 
toeh  exhibited  truauverse  section  oi'  &  spiae  of  S.  lieidun,  showing 
the  main  mass  of  the  spine  to  be  rompoeed  ol'  a  structureli-es 
cali:iSoitioa  of  a,  pale  yeltawish  coiour,  eibibJting  atris,  the 
two  most  internal  being  the  must  dit>tinct,  the  middle  occupied 
by  a  network  of  the  ordinm'y  euhiuoid  structiire,  and  proceeding 
outwards  from  this  to  the  deep  but  narrow  furrows,  which  ilute 
the  outside  of  the  epioea,  are  a  number  (twenty'two)  of  rays 
■which  are  also  reticulated.  One  of  these  rays  exhibited  the 
peculiarity  of  bifureatiog  b  short  distance  from  the  circumterence, 
each  prong  going  to  a.  furrow,  this  ray  was  scarcely,  if  at  all, 
larger  than  its  feUows,  and  there  was  not  the  least  appearance 
of  asymmetry  or  irregularity  in  the  ridge  which  ite  two  sub- 
diTisions  encloaed. 

Sen/l  Crffilah ;  sections  eaih^tCed. — Dr.  Reynolds  showed  some 
sections  of  beryl  crystala  froui  Mourae  Mountains,  eihibitiug  a 
peculiar  internal  structure  indicating  a  ohaoge  of  form  during  its 
apparently  interrupted  growth. 

Mead  of  Jisnia  tetragonocephalus,  exhih'Uitd.~-ViQL  Macalister 
showed  the  head  of  Tmaia  tetragonocephdlus,  a  parasite  of  the 
maned  anteater,  M^meeophaga  jubata. 

On  Structure  of  Lambat/  Porphyry.— Ptai.  Hull.  F.H.S.,  ex- 
hibited two  thin  sections  of  Lambay  Porphyry — one  takeu  from 
the  rock  at  Lambay  Island,  the  other  from  the  opposite  coast  of 
Portrane,  north  of  Dublin.  The  examination  of  these  under  a 
low  magnitying  power  of  twenty-five  diametera  showed  that  the 
dark  base  was  composed  of  felsitic  material,  more  or  leas  crystal- 
line, containing  large  numbers  of  black  crystalline  grains  of  mag- 
netite, together  with  a  little  chlorite.  It  waa  evident  that  the 
dark  colour  waa  due  entirely  to  the  presence  of  magnetite,  and 
not  to  hornblende,  as  had  aometimea  been  supposed.  lu  this  base 
were  included  large  crystala  of  orthoclase,  giving  the  rock  the 
porphyritic  structure.  Some  cells  were  seen  to  be  lined  with 
chlorite  and  magnetite  arranged  in  peculiar  stellate  or  I'eathery 
forms,  whilat  the  interior  was  filled  by  calcite.  The  eihibitiou 
waa  accompanied  by  excellently  drawn  figures  by  Prof,  Hull, 
illustrative  of  the  structure  of  toe  rock. 

Exhibition  of  a  preparation  of,  and  cursory  remarks  on,  a 
seemingly  new  and  problematic  Bkizopod. — Mr.  Archer  showed  u 
preparation  in  Beale's  carmine  fluid  of  a  Bhizopodous  form  be  had 
encountered  in  vurious  placea,  but  always  exceedingly  sparingly 
(he  bad  hoped  to  show  a  recent  example,  but  failed  on  this  oc- 
casion to  alight  on  one).  This  waa  quite  globuliir,  the  inner 
greyish  or  slightly  yellowish  body-mass  surrounded  by  a  colour- 
less hjaJioo,  thick,  doubly-contoured  envelope,  marked  by  spar- 
^[|gly  scattered  dots,  which  seemed  to  indicate  so  many  tubu^- 


320  PHUCEKDINQB  OF  SOCIETIES. 

late.i  in  RbBtract  Q,  .1.  M.  8.,  1873,  pp.  156—163),  exhibiW 
examples  of  Mieroeoceut  (Mona*)  pndytotu*  (Ehr),  Cohn,  wliich 
bai!  occurred  on  some  uliccB  of  raw  ("  diBeoned  ")  potatoea  wbick 
had  been  left  lying  under  a  bell-glaaa.  He  remarked  on  the 
points  dvrelt  un  by  Cohn  db  regards  the  Spharobacteria  (Cobn), 
tu  which  sub-group  the  euriouB  productiua  now  shown  belong, 
falling  under  the  efl.tegory  of  "  Pigment  Baeteria,"  on  account  of 
the  remarkable  colours  evinced,  not  by  the  cella  themeelvea,  but 
apparently  due  to  the  matrii.  These  exflmples  showed  at  first  a 
blood-red  colour,  but  more  recently  a  dtep  briek-red,  changing  to 
a  brown.  Prof.  Coho'f  iilustration  (Q.  J.  M.  8.,  PI.  V,  fig.  1) 
gives  the  cellci  as  if  typically  globular,  in  the  present  instance 
they  were  elliptic,  say  one  third  longer  than  broad  (the  longent 
eearoely  j-oVs")  :  t^"^  walls  very  delicate.  These  ceOa  are  de- 
scribed as  colourless,  but  they  appeared  rather  to  evince  that  blnish 
hue  chnracterislic  of  phycochrome,  and  in  tint  came  very  near 
some  Hbsloe-ceMe.  It  might  be  worthy  of  remark  that,  though 
the  production  flourished  best  on  the  potato-surface,  a  very  good 
crop  had  become  developed  underneath  the  sliee,  covering  the 
tower  surface  of  a  piece  of  paper  on  which  the  potato-slice  lay  ; 
thus  too  nearly,  if  not  quite,  in  the  dark — that  is  to  say,  the 
paper  (to  some  extent,  however,  macerftted)  was  between  the 
potato  and  the  Micrococcus- stratum. 

19(4  March,  1874. 

Fem-scaleg,aiid  a  neta  FisJi-irovijh,  exhiOiteiJ.—'Mi.Vorte  showed 
a  series  of  mounted  preparations  of  fem-scales  from  various  ferns, 
some,  when  polarised,  were  of  singularheauty.— He  also  showed  a 
new  trough  of  his  own  design  and  construction  for  viewing  the  cir- 
culation of  the  blood  in  the  tail  of  a  minnow.  This  consisted  of  a 
gloss  plate  about  three  incheit  square,  having  two  narrow  wedge- 
shapea  pieces  of  tin,  about  a  quarter  of  an  inch  thick,  and  taper- 
ing to  a  poiot,  cemented  to  the  plate  near  its  middle  and  about 
half  an  inch  apart ;  over  thepe  a  slip  of  glass  was  cemented,  thiis 
enclosing  a  narrow  wedge-shaped  space,  "  tapering  to  nothing  " 
below,  and  sealed  all  round  except  at  the  upper  oblong  opening 
into  which  the^sA  is  dropped  tail  foremost. 

Pinnularia  cardmalu,  very  rare  in  Ireland,  exhibited, — Hev.  E. 
O'Meara  showed  a  specimen  of  Finnularta  eardinalt*  from  a  pond 
near  Armagh.  This  is  of  eitreniely  rare  occurrence  in  Ireland, 
Smith  attributes  it  to  the  Lough  Mourne  deposit,  but  though  he 
(Mr.  O'Meara)  had  often  searched  for  it  there,  he  had  never  been 
foi'tunate  enough  to  fiad  it.  In  a  peat  deposit  from  Dromore, 
Co.  Down,  kindly  supplied  by  Mr.  Gray,  of  Belfast,  the  middle  of 
a  valve  was  discovered,  but  no  perfect  example  had  previously 
come  nnder  his  observation. — Mr,  O'Meara  also  showed  esamples 
of  Shabdonevia  TorelUi,  Cieve,  "  Diatoms  of  the  Arctic  Sea."  The 
form  occurred  not  unfreqiicntiy  in  some  gatherings  made  at 
Spitzhergea  by  Eev.  A.  E.  Eaton. 
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^^Siemarks  on  Slruelitre  of  Pits  in  Taaug. — Dr.  Mc.Nab  exhibited 
a  section  of  jew,  Taxus  baceata,  under  a  Oiindlnah  -j^-objeutiTB, 
and  pointed  out  that  tlie  central  pore  or  pit  of  tlie  bordered  pita 
of  the  yew  ivera  not  round  as  generally  deseribed,  but  were  in 
moat  casea  elongated.  Tlie  esaraiuabion  of  a  number  of  sectioun 
Fihowa  that  the  form  of  the  pita  varies,  being  in  some  round,  but 
in  the  majority  more  or  leaa  elongated  ;  the  openings  in  the  two 
sides  crosa,  and  tliua  produce  the  seeming  circular  opening  aa 
seen  with  a.  low  power.  In  these  general  charoctera  the  bordered 
pits  of  the  yew  agree  with  those  of  the  Cycada  and  with  the  genus 
next  TasuB,  namely,  SalUhuria.  In  examining  the  ])its  a  high 
power  ia  required;  nnd  if  the  wood-cells  are  treated  with  the  iodo- 
chloride  of  zinc  solution,  the  opening  can  be  very  easily  demon- 
strated. 

Structure  of  spine»  of  Astropiiga  railiata.  —  Mr.  Mackintosh 
exhibited  transverse  sections  of  the  spine  of  Aglropi/ga  mdiata. 
The  spines  vary  in  length  from  g"  to  14",  are  fusiform,  elliptical, 
very  strongly  serrated,  and  pink-orange  or  green  in  colour.  In 
section  the  central  part  ia  seen  to  be  occupied  by  a  reticulation 
with  very  wide  interapacea,  the  solid  rods  of  which  unite  at  its 
outer  part  to  form  a  ring,  from  wUich  pasa  outwards  ti  number  of 
clavate  rapa  of  homogeneous  structure,  ending  externally  in 
ridges,  which  vary  in  thetr  degree  of  prominence  according  to  the 
part  of  the  serration  through  which  the  section  passes,  and  are 
joined  to  one  another  by  two  or  three  rather  slender  bars,  the 
whole  forming  a  atructure  remarkable  for  its  lightness  and 
fragility. 

Villi  from  Stomach  of  M_i/rfnecophiiffa  juhata,  ejeJiibited. — Mr. 
G-eogbegan  exhibited  a  preparation  showing  villi  from  stomach 
of  Myrmfcophaaa  jabata. 

A  Black  Microeoceus  (Cohn),  exiibiled,  and  ewsori/  notes 
thereon.— Mt.  Archer  showed  examples  of  a  form  appertaining 
to  the  Sphffirobacterian  genus  Micrococcus,  Cohn,  which  in  the 
mass  appeared  of  a  very  nearly  black  colour.  Referring  to  the 
exhibition  at  XasXiDSatm^at  Microcoecua prodigioeus  (Ehr.),  Cohn, 
occurring  on  slices  of  raw  potato,  now,  for  sake  of  comparison, 
again  shown  to  the  meetiug.  Mr,  Areher  mentioned  that,  when 
he  noticed  the  occurrence  of  that  sitigular  production  on  the 
potatoes  in  queBtion,  he  had  soon  afler  introduced  under  the  bell- 
glass  covering  them  two  pieces  of  boiled  potato,  one  of  which  he 
rubbed  on  the  older  raw  piece  hes-Tin^^^e  Micrococcus  prodigiotm 
Ro  as  to  well  inoculate  it  therewith — the  other  he  left  untouched. 
It  was  this  second  piece  of  boiled  potato  which  had  become  covered 
by  the  "black"  Micrococcus.  A  blue  Micrococcus  is  recorded; 
many,  it  is  true,  might  discern  in  the  example  now  shown  a  bluish 
shade — in  fact,  it  might  be  denominated  a  "blue-black"  (like  (doth). 
But  on  being  placed  under  the  microscope  (say  a  \",  or,  better, 
a  J"),  there  was  a  very  noticeable  difference  from  M.  prodigioaug 
(now  placed  uudrr  two  microKcopes  aide  by  side).  lu  the  latter 
the  cells  were  comparatively  long  and  narrow,  elliptic,  with  » 
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titiiit  outliuo  ;  in  the  "  black  "  form  theyuere  etill  elliptic,  but 
relatively  to  their  widtb  mui:h,  and  absolutely  eomewhat,  shorter, 
and  showed  a  dark,  it  toigbt  be  aaid  thick,  outline.  The  l&tter,  or 
"black  "form,  was  more  prone  to  ahow  tbe  celisBrraoged  in  such  » 
position  in  twos  or  fours,  aa  was  indicative  ol'  recent  self-divisioti. 
Four  could  sometimes  be  seen  in  a  plane,  their  inner  surfacea  of 
contact  of  a  thinner  appearance,  flat  and  sub-rectangular  within 
at  the  central  common  point  of  union.  Both,  under  a  high  (J") 
power,  showed  a  hyaline,  not  deep,  rather  sharply  marked,  "  halo" 
Burrouuding  the  cells,  the  former  (M.  -produjiosu*)  more  noticeably. 
The  latter  showed  a  "  molecular  "  motion  much  more  vividly  tban 
the  former ;  it  need  not  be  aaid  that  no  other  motion  was  evinced. 
In  both  forms  the  colouring  substance  showed  imbedded  therein 
a  more  dianee,  as  if  granular,  body,  posed  in  the  former  more 
towards  one  end  of  the  cell,  and  very  minute  ;  in  the  latter  more 
nearly  centra],  by  comparison  considerably  lai^er.  To  call  this 
grauular  body  in  either  a  "  nucleus  "  would,  of  course,  be  far  too 
great  a  begging  of  the  question.  Mr.  Archer  had  called  the  innt:r 
substance  "  colouring  subBtance,"  for,  as  previously  mentioned, 
it  gave  to  the  eye  a  very  iVos/oc-like  hue.  The  colour  of  the  msGB 
seems  thus  to  be  due  mainly,  if  Dot  altogether,  to  the  tenacious 
medium  binding  the  cells  into  a  common  stratum,  and  it  is,  to  a 
great  extent,  borrowed  by  any  mycelioid  filaments  should  they  be 
present.  This  colour  in  the  aggregate  "Prof.  Cobn  regards  as 
being  of  "  specific  "  value,  or,  to  say  the  least,  of  "  race  "  value ; 
that  is,  as  indicating  forms  or  types,  which,  by  a  continuous 
heredity,  run  on  and  on,  each,  a«  it  were,  in  its  own  groove. 
Prof,  Cohn  supposes  that  the  fitful  and  rather  isolated  manner  in 
which  these  productions  seem  to  occur  is  explained  by  their 
"germs"  being  carried  from  one  suitable  nidus  to  another  by  the 
atmosphere.  Here,  however,  were  two  forms  quite  distinguisb- 
able  by  the  eye,  either  in  the  mass  or  under  the  microscope,  oc- 
curring one  on  each  of  two  pittces  of  the  same  potato ;  one  of 
these  forms  Mr.  Archer  had  "sown,"  the  other  "came  there," 
and  both  were  under  the  same  bell-glsss.  The  original  (boiled) 
potato  was  in  no  way  "  diseased  "  (he  knew  Irom  practical  ei- 
perience,  indeed,  it  was  excellent,  having  eaten  the  rest  of  it  some 
days  before  at  dinner ;  he  would  rather  not  venture  on  th« 
remainder  now  I).  Probabilities,  he  thought,  were  much  in  favour 
of  Prof.  Cohn's  views,  but  Mr.  Archer  gave  this  little  history 
quantum  valeat. 
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iJ  Pekliminary  Account  of  Ike  Development  of  the 
Elasuobranch  Fishes.'  By  F.  M.  Balfour,  B.A., 
Trinity  CoUcge,  Cambridge.  (With  Piates  XIII,  XIV, 
and  XV.) 

During  the  spring  of  the  present  year  I  was  studying  at 
the  Zoological  Station,  founded  by  Dr.  Dohrn  at  Naples,  and 
entirely  through  its  agency  was  supplied  with  several 
hundred  eggs  of  various  species  of  Dog-fish  (Selacbii) — a  far 
larger  number  than  any  naturalist  has  previously  had  an 
opportunity  of  studying.  The  majority  of  the  eggs  belonged 
to  an  oviparous  species  of  Mustelus,  but  in  addition  to  these  I 
had  a  considerable  number  of  eggs  of  two  or  three  species  of 
Scy//)K»»,  and  some  of  the  Torpedo.  Moreover,  since  my  return 
to  England,  Professor  Huxley  has  most  liberally  given  me 
several  embryos  of  Scyllium  stellare  in  a  more  advanced 
conditiou  than  I  ever  had  at  Naples,  which  have  enabled  me 
to  fill  up  some  lacunse  in  my  observations. 

On  many  points  my  investigations  are  not  yet  finished, 
but  I  have  already  made  out  a  number  of  facts  which  I 
venture  to  believe  will  add  to  our  knowledge  of  vertebrate 
embryology ;  and  since  it  is  probable  that  some  time  will 
elapse  before  I  am  able  to  give  a  complete  account  of  my 
investigations,  I  have  thought  it  worth  while  preparing  a 
preliminary  paper  in  which  I  have  briefly,  but  I  hope  in  an 
intelligible  manner,  described  some  of  the  more  interesting 
points  in  the  development  of  the  Elasraobranchii.  The  first- 
named  species  {Mustelus  sp.?)  was  alone  used  for  the  early 
Stages,  for  the  later  ones  I  have  also  employed  the  other 
species,  whose  eggs  I  have  had ;  but  as  far  as  I  have  seen  at 
present,  the  differences  between  the  various  species  in  early 
embryonic  life  are  of  no  importance. 

Without  further  preface  I  will  pass  on  to  my  investiga- 
tiona. 

The  Egg-shell. 

In  the  eggs  of  all  the  species  of  Dog-fishes  which  I  have 
examined  the  yolk  lies  nearest  that  end  of  the  quadrilateral 
'  Uead  in  Section  D,  at  the  Meeting  of  the  SritiBh  iasocktioa  at  BelCut. 
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shell  which  has  the  shortest  pair  of  strings  for  attachment 
This  is  probably  due  to  the  shape  of  the  cavity  of  the  shell, 
and  is  certainly  not  due  to  the  prcBence  of  any  structmes 
Bimilar  to  chalazte. 

The  Yolk. 

The  yolk  ia  not  enclosed  in  any  membrane  comparable  to 
the  vitelline  membrane  of  Birds,  but  lies  freely  in  a  Tiscid 
albumen  which  fills  up  the  egg-capsule.  It  possesses  con- 
siderable consistency,  so  that  it  can  be  removed  into  a  basin, 
in  spite  of  the  absence  of  a  vitelline  membrane,  without  falling 
to  pieces.  This  consistency  is  not  merely  a  property  of  the 
yolk-sphere  as  a  whole,  but  is  shared  by  every  individual 
part  of  it. 

With  the  exception  of  some  finely  granular  matter  around 
the  blastoderm,  the  yolk  consists  of  rather  small,  elliptical, 
highly  refracting  bodies,  whose  shape  is  very  charactetistic 
and  renders  them  easily  recognizable.  A  number  of  strite 
like  those  of  muscle  are  generally  visible  on  most  of  the 
spherules,  which  give  them  the  appearance  of  being  in  the  act 
of  breaking  up  into  a  series  of  discs;  but  whether  these  strite 
are  normal,  or  produced  by  the  action  of  water  I  have 
determined. 
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Position  of  the  Blastoderm. 
The  blastoderm  is  always  situated,  immediately  after  im- 
pregnation, near  the  pole  of  the  yolk  which  lies  close  to  the 
end  of  the  egg-capsule.  Its  position  varies  a  little  in  the 
different  species  and  is  not  quite  constant  in  different  e^ 
of  the  same  species.  Sut  this  general  situation  is  quite 
invariable. 

Seffmetilation. 

In  a  fresh  specimen,  in  which  segmentation  has  only  just 
commenced,  the  blastoderm  or  germinal  disc  appears  as  a 
circular  disc,  distinctly  marked  otT  by  a  dark  line  from  the 
rest  of  the  yolk.  This  line,  as  is  proved  by  sections,  is  the 
indication  of  a  very  shallow  groove.  The  appearance  of 
sharpness  of  distinction  between  the  germ  and  the  yolk  is 
further  intensified  by  their  marked  difference  of  colour, 
the  germ  itself  being  usually  of  a  darker  shade  than  the 
remainder  of  the  yolk ;  while  around  its  edge,  and  apparently 
sharply  separated  from  it  by  the  groove  before  mentioned,  is 
a  ring  of  a  different  shade  which  graduates  at  its  outer  border 
into  the  normal  shade  of  the  yolk. 
..PCiiese  appearances  aie  pioved  by  uaoaverae  sections  b 
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^Wceptive.  There  is  no  sharp  lire  either  at  the  sides  or  be- 
low separating  the  blastoderm  from  the  yolk.  In  the  passage 
between  the  fine  granular  matter  of  the  germ  to  the  coarser 
yolk-spheres  every  intermediate  size  of  granule  is  present; 
and,  though  the  space  between  the  two  is  rather  narrow,  in 
no  sense  of  the  word  can  there  he  said  to  be  any  break  or 
line  between  them. 

This  gradual  passage  stands  in  marked  contrast  with  what 
we  shall  find  to  be  the  case  at  the  close  of  the  segmentation. 
In  the  youngest  egg  which  I  had,  the  germinal  disc  was 
already  divided  into  four  segments  by  two  furrows  at  right 
angles.  These  furrows,  however,  did  not  reach  its  edge ; 
and  from  my  sections  I  have  found  that  they  were  not 
cut  off  below  by  any  horizontal  furrow.  So  that  the  four 
segments  were  continuous  below  with  the  remainder  of  the 
germ  without  a  break. 

In  the  next  youngest  specimen  which  I  had,  there  were 
already  present  eighteen  segments,  somewhat  irregular  in  size, 
but  which  might  roughly  be  divided  into  an  outer  ring  of 
larger  spheres,  separated,  as  it  were,  by  a  circular  furrow 
from  an  inner  series  of  smaller  segments.  The  furrows  in 
this  case  reached  quite  to  the  edge  of  the  germinal  disc. 

The  remarks  I  made  in  reference  to  the  earlier  specimen 
about  the  separation  of  the  gerni  from  the  yolk  apply  in 
every  particular  to  the  present  one.  The  external  hmit 
of  the  blastoderm  was  not  defined  by  a  true  furrow, 
and  the  segmentation  furrows  still  ended  below  without 
meeting  any  horizontal  furrows,  bo  that  the  blastoderm  was 
not  yet  separated  by  any  line  from  the  remainder  of  the  yolk, 
and  the  segments  of  which  it  was  composed  were  still  only 
circumscribed  upon  five  sides.  In  this  particular  the  seg- 
mentation in  these  animals  differs  materially  from  that  in  the 
Bird,  where  the  horizontal  furrows  appear  very  early. 

In  each  segment  a  nucleus  was  generally  to  be  seen  in 
sections.  I  will,  however,  reserve  my  remarks  upon  the 
nature  of  the  nuclei  till  I  discuss  the  nuclei  of  the  blasto- 
derm as  a  whole. 

For  some  little  time  the  peripheral  segments  continue  larger 
than  the  more  central  ones,  but  this  difference  of  size  becomes 
less  and  less  marked,  and  before  the  segments  have  become 
too  small  to  be  seen  with  the  simple  microscope,  their  size 
appears  to  he  uniform  over  the  whole  surface  of  the 
blastoderm. 

In  blastoderms  somewhat  older  than  the  one  last  described 

the  segments  have  already  become  completely  separate  masses, 

^mad  each  of  them  already  possesses  a  distinct  n.uc\«ue.    T\^«^ 
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form  a  layer  one  or  two  segments  deep.  The  Hmils  of  thu 
blastoderm  are  not,  however,  defined  by  the  already  com- 
pleted segments,  but  outside  these  new  segments  continue 
to  be  formed  around  nuclei  which  appear  in  the  yolk. 
At  this  stage  there  is,  therefore,  no  Hne  of  demarcation 
between  the  germ  and  the  yolk,  but  the  jolk  is  being  boied 
into,  so  to  speak,  by  a  continuous  process  of  fresh  segmen. 
tation. 

The  further  segmentation  of  the  already  existing  spheres, 
and  the  formation  of  new  ones  from  the  yolk  below  and  to 
the  sides  continues  till  the  central  cells  acquire  their  final 
size,  the  peripheral  ones  being  still  large  and  undefined 
towards  the  yolk.  These  also  soon  reach  the  final  size,  and 
the  blastoderm  then  becomes  rounded  off  towards  the  yolk 
and  sharply  separated  from  it. 

The  Nuclei  of  the  Yolk. 

Intimately  connected  with  the  segmentation  is  the  appear- 
ance and  history  of  a  number  of  nuclei  which  arise  in  the 
yolk  surrounding  the  blastoderm. 

Wlien  the  horizontal  furrows  appear  which  first  separate 
the  blastoderm  from  the  yolk,  the  separation  does  not  occur 
along  the  line  of  passage  from  the  fine  to  the  coarse  yolk,  but 
in  the  former  at  some  dist^icc  from  this  line. 

The  blastoderm  thus  rests  upon  a  mass  of  finely  granular 
material,  from  which,  however,  it  is  sharply  separated.  At 
this  time  there  appear  in  this  finely  granular  material  a  num- 
ber of  nuclei  of  a  rather  peculiar  character. 

They  vary  immensely  in  size — from  that  of  an  ordinary 
nucleus  to  a  size  greater  than  the  largest  blastoderm -cell. 

In  PI.  XIII,  fig,  1,  w,  is  shown  their  distribution  in  this 
finely  granular  matter  and  their  variation  in  size.  But  what- 
ever may  be  their  size,  they  always  possess  the  same  charac- 
teristic structure.     This  is  shown  in  PI.  XIII,  figs.  1  and  2,  n. 

They  are  rather  irregular  in  shape,  with  a  tendency  when 
small  to  be  roundish,  and  are  divided  by  a  number  of  lines 
into  distinct  areas,  in  each  of  which  a  nucleolus  is  to  he  seen. 
The  lines  dividing  them  into  these  areas  have  a  tendency  (in 
the  smaller  specimens)  to  radiate  from  the  centre,  as  shown 
in  PI.  XIII,  fig.  1. 

These  nuclei  colour  red  with  hEematoxyhn  and  carmine 
and  brown  with  osmic  acid,  while  the  nucleoli  or  granules 
contained  in  the  areas  also  colour  very  intensely  with  all  the 
three  above-named  reagents. 

With  such  a  peculiar  structure,  in  favorable  specimens 
these  nuclei  are  very  easily  Teco^msfcAjivud. their  distribul' 
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can  be  determined  without  difficulty.  They  are  not  present 
alone  in  the  finely  granular  yolk,  but  also  in  the  coarsely 
granular  yolk  adjoining  it.  They  form  very  often  a  special 
row,  sometimes  still  mol-e  markedly  than  in  PI.  XIII,  fig.  1, 
along  the  floor  of  the  segmentation  cavity.  They  arc  not, 
however,  found  alone  in  the  yolk.  All  the  blastoderm-cells 
in  the  earlier  stages  possess  precisely  similar  nuclei!  From 
the  appearance  of  the  first  nucleus  in  a  segmentation-sphere 
till  a  comparatively  lale  period  in  development,  every  nucleus 
which  can  be  distinctly  seen  is  found  to  be  of  this  character. 
In  PI.  XIII,  fig.  3,  this  is  very  distinctly  shown, 

(l)  We  have,  then,  nuclei  of  this  very  peculiar  character 
scattered  through  the  subgerminal  granular  matter,  and  also 
universally  present  in  the  cells  of  the  blastoderm.  (2)  These 
nuclei  are  distributed  in  a  special  manner  under  the  floor  of 
the  segmentation  cavidy  on  which  new  cells  are  continually 
appearing.  Putting  these  two  facts  together,  there  would  be 
the  strongest  presumption  that  these  nuclei  do  actually  be- 
come the  nuclei  of  cells  which  enter  the  hlastodemi,  and  such 
is  actually  the  case.  In  my  account  of  a  segmentation  I 
have,  indeed,  already  mentioned  this,  and  I  will  return  to  it, 
but  before  doing  so  will  enter  more  fully  into  the  distribution 
of  these  nuclei  in  the  yolk. 

They  appear  in  small  numbers  around  the  blastoderm  at 
the  close  of  segmentation,  and  round  each  one  of  them  there 
may  at  this  time  be  seen  in  osniic  acid  specimens,  and  with 
high  powers,  a  fine  network  similar  to  but  finer  than  that 
represented  in  PI.  XIII,  fig.  2,  n  y.  This  network  cannot, 
as  a  general  rule,  be  traced  far  into  the  yolk,  but  in  some 
exceptionally  thin  specimens  it  may  be  seen  in  any  part  of 
the  fine  granular  yolk  around  the  blastoderm,  the  meshes  of 
the  network  being,  however,  considerably  coarser  between 
than  around  the  nuclei.  This  network  may  be  seen  in  the 
fine  granular  material  around  the  germ  till  the  latest  period 
of  which  I  have  yet  cut  sections  of  the  blastoderm.  In 
the  later  specimens,  indeed,  it  is  very  much  more  distinctly 
seen  than  in  the  earlier,  owing  to  the  fact  that  in  parts  of  the 
blastoderm,  especially  under  the  embryo,  the  jolk-grauules 
have  disappeared  partly  or  entirely,  leaving  only  this  fine 
network  with  the  nuclei  in  it, 

A  specimen  of  this  kind  is  represented  in  PI.  XIII,  fig,  2, 
n  y,  where  tha  meshes  of  the  network  are  seen  to  be  finer 
immediately  around  the  nuclei,  and  coarser  in  the  intervals. 
The  specimen  further  shows  in  the  clearest  manner  that  this 
network  is  not  divided  into  areas,  each  representing  a  cell 
ipd  each  containing  a  nucleus,      I  do  not  know  to  wh^_ 
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extent  this  network  extends  into  the  yolk.  I  have  never  jet 
Been  the  limits  of  it,  though  it  is  very  common  to  see  the 
coarsest  yolk-granules  lying  in  its  meshes.  Some  of  these 
are  shown  in  PI.  XIII,  fig.  2,  y  k. 

This  network  of  lines '  (probably  bubbles)  is  characteristic 
of  many  cells,  especially  ova.  We  are,  therefore,  forced  to 
believe  that  the  fine  granular  and  probably  coarser  granular 
yolk  of  this  meroblastic  egg  consists  of  an  active  organized 
basis  with  passive  yolk -spheres  imbedded  in  it.  The  organized 
basis  is  especially  concentrated  at  the  germinal  pole  of  the 
egg,  but  becomes  less  and  less  in  quantity,  as  compared  with 
the  yoke-spheres,  the  further  we  depart  from  this. 

Admitting,  as  I  think  it  is  necessary  to  do,  the  organized 
condition  of  the  whole  yolk  sphere,  there  are  two  possible  views 
aa  to  its  nature.  We  may  either  take  the  view  that  it  is  one 
gigantic  cell,' the  ovum,  which  has  grown  at  the  expense  of  the 
other  cells  of  the  egg-follicle,  and  that  these'cells  in  becoming 
absorbed  have  completely  lost  their  individuality;  or  we  may 
look  upon  the  true  formative  yolk  (as  far  as  we  can  separate  it 
from  the  remainder  of  the  food  yolk)  as  the  remains  of  one  cell 
(the  primitive  ovum),  and  the  remainder  of  the  yolk  as  a  body 
formed  from  the  coalescence  of  the  other  cells  of  the  e^- 
follicle,  which  is  adherent  to,  but  has  not  coalesced  with,  the 

{iriroitive  ovum,  the  cells  in  this  case  not  having  completely 
ost  their  individuality;  and  to  these  cells,  the  nuclei,  I  have 
found,  must  be  supposed  to  belong. 

The  former  view  I  think,  for  many  reasons,  the  most 
probable.  The  share  of  these  nuclei  in  the  segmentation,  and 
the  presence  of  similar  nuclei  in  the  cells  of  the  germ,  both 
support  it,  and  are  at  the  same  time  difficulties  in  the  way  of 
the  other  view.  Leaving  this  question  which  cannot  be 
discussed  fully  in  a  preliminary  paper  like  the  present  one, 
I  will  pass  on  to  another  important  question,  viz. — 

How  do  these  nuclei  originate  ?  Are  they  formed  by  the 
division  of  the  pre-existing  nuclei,  or  by  an  independent 
formation.  It  must  he  admitted  that  many  specimens  are 
strongly  in  favour  of  the  view  that  they  increase  by  division. 
In  the  first  place,  they  are  often  seen  "  two  together;"  examples 
of  this  will  be  seen  in  PI.  XIII,  fig.  1.  In  the  second  place,  I 
have  found  several  specimens  in  which  five  or  six  appear 
close  ti^ther,  which  look  very  much  as  if  there  had  been  an 
actual  division  into  six  nuclei.  It  is,  however,  possible  in 
this  case  that  the  nuclei  are  really  connected  below  and  only 
'  The  interprel.Htion  of  this  iieiwork  is  entirely  due  to  Dr.  Kleinenberjt, 
who  suggestea  it  to  Die  on  mj  allowing  him  a  naaiber  of  specimens  ex* 
hibitiag  the  suclet  and  netttoik. 
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appear  separate,  owing  to  the  crenate  form  of  the  mass. 
Against  this  may  be  put  the  fact  thai  the  division  of  a 
nucleus  is  by  no  means  so  common  as  has  been  sometimes 
supposed,  that  in  segmentation  it  has  very  rarely  been 
observed  that  the  nucleus  of  a  sphere  (irst  divides,^  and  that 
then  segmentation  takes  place,  but  segmentation  generally 
occurs  and  then  a  new  nucleus  arises  in  each  of  the  newly 
formed  spheres.  Such  nuclei  as  I  have  described  are  rare ; 
they  have,  however,  been  observed  in  the  egg  of  a  ^^ephelis 
(one  of  the  Leeches),  and  have  in  that  case  been  said  to 
divide.  Dr.  Kleineuberg,  however,  by  following  a  single  egg 
through  the  whole  course  of  its  development,  has  satisfied 
himself  that  this  is  not  the  case,  and  that,  further,  these 
nuclei  in  Nephelis  never  form  the  nuclei  of  newly  developing 
cells. 

I  must  leave  it  an  open  question,  and  indeed  one  which 
can  hardly  be  solved  from  sections,  whether  these  nuclei 
arise  freely  or  increase  by  division,  but  I  am  inclined 
to  believe  that  both  processes  may  possibly  take  place. 
In  any  case  their  division  does  not  ap])car  to  determine 
the  segmentation  or  segregation  of  the  protoplasm  around 
them. 

As  was  mentioned  in  my  account  of  the  segmentation,  these 
nuclei  first  appear  during  that  process,  and  become  the  nuclei 
of  the  freshly  formed  segmentation  spheres.  At  the  close  of 
segmentation  a  few  of  them  are  still  to  be  seen  around  the 
blastoderm,  but  they  are  not  very  numerous. 

From  this  period  they  rapidly  increase  in  number,  up  to 
the  commencement  of  the  formation  of  the  embryo  as  a 
body  distinct  from  the  germ.  Though  before  this  period 
they  probably  become  the  nuclei  of  veritable  cells  which 
enter  the  germ,  it  is  not  till  this  period,  when  the  growth 
of  the  blastoderm  becomes  very  rapid  and  it  commences  to 
spread  over  the  yolk,  that  these  new  cells  are  formed  in 
large  numbers.  I  have  many  specimens  of  this  age  which 
show  the  formation  of  these  new  cells  with  great  clearness. 
This  is  most  distinctly  to  be  seen  immediately  below  the  em- 
bryo, where  the  yolk- spherules  are  few  in  number.  At  the 
opposite  end  of  the  blastoderm  I  believe  that  more  of  these 
celU  arc  formed,  but,  owing  to  the  presence  of  numerous  yolk- 
spherules,  it  is  much  more  di&cult  to  make  certain  of 
this. 

'  Kowalevakj  {"  Beitrage  ziir  Entwickeluugs^eseliiohte  der  Holotfaariun," 
'  Memoirs  de  I'Ac  Imp.  de  St.  Peterebourg,'  vii  ser.,  vol.  xi,  1867)  describes 
tlie  division  of  nuclei  during  Jiegnentatioa  in  tiie  Llolottiurians,  uud  othei 
observera  bave  duciibed  it  eleewnere. 
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As  to  the  filial  destiiiEitioii  of  these  cells,  my  observatione 
are  not  yet  completed.  Probably  a  large  number  of  tbem  are 
concerned  in  the  formation  of  the  vascular  system,  but  I 
will  give  reasons  later  on  for  believing  that  some  of  them 
are  concerned  in  the  formation  of  the  walls  of  the  digestive 
canal  and  of  other  parts. 

I  will  conclude  my  account  of  these  nuclei  by  briefly 
summarizing  the  points  I  have  arrived  at  in  reference  to 
them. 

A  portion,  or  more  probably  the  whole,  of  the  yolk  of  the 
Dog-fish  consists  of  organized  material,  in  which  nuclei  ap- 
pear and  increase  either  by  division  or  by  a  process  of 
independent  formation,  and  a  great  number  of  these  subse- 
quently become  the  nuclei  of  celb  formed  around  them, 
frequently  at  a  distance  from  the  germ,  which  then  travel  up 
and  ent£r  it. 

The  formation  of  cells  in  the  yolk,  apart  from  the  general 
process  of  segmentation,  has  been  recognised  by  many  ob- 
servers. Kupffer  ('Archiv.  fur  Micr.  Anat.,'  Bd.  iv,  1868)  and 
Owsjannikow  ("  Entwickelung  der  Coregonus," '  Bulletin  der 
Akad.  St,  Petersbuvgb,'  vol.  xix)  in  osseous  fishes,'  Ray  Lan- 
kester  ('  Annals  and  Mag.  of  Nat.  History,*  vol.  xi,  1873, 
p.  81)  in  Cephalopoda,  Gotte  ('  Archiv  fiir  Micr,  Auat.,' 
vol.  x)  in  the  chick,  have  all  described  a  new  formation  of 
cells  from  the  so-called  food-yolk.  The  organized  nature  of 
the  whole  or  part  of  this,  previous  to  the  formation  of  the  cells 
from  it,  has  not,  however,  as  a  rule,  been  distinctly  recognised. 
In  the  majority  of  cases,  as,  for  instance,  in  Loligo,  the 
nucleus  is  not  the  first  thing  to  be  formed,  but  a  plastide  is 
first  formed,  in  which  a  nucleus  subsequently  makes  its 
appearance. 


Formation  of  the  Layers. 


1  to  the  formation 


Leaving  these  nuclei,  I  will  now  pass  o 
of  the  layers. 

At  the  close  of  segmentation  the  surface  of  the  blastoderm 
is  composed  of  cells  of  a  uniform  size,  which,  however,  are 
too  small  to  be  seen  by  the  aid  of  the  simple  microscope. 

The  cells  of  this  uppermost  layer  are  somewhat  columnar, 

'  Gotte,  at  the  end  of  a  paper  on  "  Tlie  Development  of  the  Lajers  in  the 
Chick"  {'Archiv.  fur  Micr.  Anat.,'  vo).  s,  IS73.  p.  196).  mentions  that  the 
ao-callcd  cells  in  Osseous  fishes  which  (EUacher  states  to  have  migrated 
into  the  jolk,  ajid  which  are  clearly  tlic  some  as  those  mcTitioDed  bj 
Owsjannikow,  are  really  not  eel/ji,  hut  large  uue/ei.  If  this  alatement  is 
correct  the  phenomena  in  Osseous  fishes  are  pieciselj  the  same  as  those  I 
iave  described  in  the  Dog-fish. 
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and  can  be  distinguished  from  the  remainder  of  the  cells  of 
the  blastoderm  as  a  separate  layer.  This  layer  forms  the  epi- 
blast;  and  the  Dog-fish  agree  with  Birds,  Batrachians,  and 
Osseous  fish  in  the  very  early  different iation  of  it. 

The  remainder  of  the  cells  of  the  blastoderm  form,  a  mass, 
many  cells  deep,  in  which  it  is  impossible  as  yet  or  till  a  very 
considerably  later  period  to  distinguish  two  layers.  They 
may  be  called  the  lower  layer  cells.  Some  of  them  near  the 
edge  of  this  mass  are  still  considerably  larger  than  the  rest, 
but  they  are,  as  a  whole,  of  a  fairly  uniform  size.  Their 
nuclei  are  of  the  same  character  as  the  nuclei  in  the  yolk- 
There  is  one  point  to  be  noticed  in  the  shape  of  the  blas- 
toderm as  a  whole.  It  is  unsym metrical,  and  a  much  larger 
number  of  its  cells  are  found  collected  at  one  end  than  at  the 
other.  This  absence  of  symmetry  is  found  in  all  sections 
which  are  cut  parallel  to  the  long  axis  of  the  egg-capsule. 
The  thicker  end  is  the  region  where  the  embryo  will  subse- 
quently appear. 

This  very  early  appearance  of  distinction  in  the  blas- 
toderm between  the  end  at  which  the  embryo  will  appear, 
and  the  non-embryonic  end  is  important,  especially  as 
showing  the  affinity  of  the  modes  of  development  of  Osseous 
fishes  and  the  Elasmobranchii.  Oellacher  {'  Zeitschrift  fiir 
Wiss.  Zoologie,'  vol.  xxxiii,  1873)  has  shown,  and,  though 
differing  from  him  on  many  other  points,  on  this  point 
Gcitte  ('Arch,  fiir  Micr.  Anat.,'  vol.  ix,  187S)  agrees  with 
him,  that  a  similar  absence  of  symmetry  by  which  the 
embryonic  end  of  the  germ  -is  marked  off,  occurs  almost 
immediately  after  the  end  of  segmentation  in  Osseous  fishes. 
In  the  early  stages  of  development  there  are  a  number  of 
remarkable  points  of  agreement  between  the  Osseous  fish 
and  the  Dog-fish,  combined  with  a  number  of  equally  remark- 
able points  of  difference.  Some  of  these  I  shall  point  out  as 
I  proceed  with  my  description. 

The  embryonic  end  of  the  germ  is  always  the  one  which 
points  towards  the  pole  of  the  yolk  farthest  removed  ftom 
the  egg-capsule. 

The  germ  grows,  but  not  very  rapidly,  and  without  other- 
wise undergoing  any  very  appreciable  change,  for  some  time. 

The  growth  at  these  early  periods  appears  to  be  particularly 
slow,  especially  when  compared  with  the  rapid  manner  in 
which  some  of  the  later  stages  of  the  development  are  passed 
through. 

The  next  important  change  which  occurs  is  the  formation 
of  the  so-called  "  segmentation  cavity." 

Thia  forma  a  yery  marked  feature  tfaroughottt  the  early 
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most  marked  at  the  point  where  the  embryo  will  shortly 
appear,     I  will  call  it  the  "  embryonic  rim." 

These  points  are  still  better  seen  from  sections  than  from 
surface  views,  and  will  be  gathered  al  once  from  an  inspection 
ofl'l.  XIII,  iig.  4. 

The  epiblast  has  become  still  more  columnar,  and  is 
markedly  thicker  in  the  region  where  the  embryo  will  ap- 
pear. But  its  most  remarkable  feature  is  that  at  the  outer 
edge  of  the  "  embryonic  rim  "  (e  r)  it  turns  round  and  becomes 
continuous  with  the  lower  layer  cells.  This  feature  is  most 
important,  and  involves  some  peculiar  modifications  in  the 
development.  I  will,  however,  reserve  a  discussion  of  its 
meaning  till  the  next  stage. 

The  only  other  important  feature  of  this  stage  is  the  appear- 
ance of  a  layer  of  cells  on  the  floor  of  the  segmentation 
cavity. 

Does  this  layer  come  from  an  ingrowth  from  the  thickened 
edge  of  the  blastoderm,  or  does  it  arise  from  the  formation  of 
new  cells  in  the  yolk  ? 

It  is  almost  impossible  to  answer  this  question  with  cer- 
tainty. The  following  facts,  however,  make  me  believe  that 
the  newly  formed  cells  do  play  an  important  part  in  the 
the  formation  of  this  layer, 

(1)  The  presence  at  an  earlier  date  of  almost  a  row  of 
nuclei  under  the  floor  of  the  segmentation  cavity  (PI.  XIII, 

fig.  1). 

(2)  The  presence  on  the  floor  of  the  cavity  of  such  large 
cells  as  those  represented  in  fig.  1,  b  d,  cells  which  are  very 
different,  ae  far  as  the  size  and  granules  are  concerned,  from 
the  remainder  of  the  cells  of  the  blastoderm. 

On  the  other  hand,  from  this  as  well  as  other  sectioae, 
I  have  satisfied  myself  that  there  is  a  distinct  ingrowth  of 
cells  from  the  embryonic  swelling.  It  is  therefore  most 
probable  that  both  these  processes,  viz.  a  fresh  formation  and 
an  ingrowth,  have  a  share  in  the  formation  of  the  layer  of 
cells  on  the  floor  of  the  segmentation  cavity. 

In  the  next  stage  we  find  the  embryo  rising  up  as  a 
distinct  body  from  the  blastoderm,  and  I  shall  in  future 
speak  of  the  body,  which  now  becomes  distinct  as  the  em- 
bryo. It  corresponds  with  what  Kupffer  (loc.  cit.)  in  his 
paper  on  the  "  Osseous  Fishes  "  has  called  the  "  embryonic 
keel."  This  starting-point  for  speaking  of  the  embryo  as 
a  distinct  body  is  purely  arbitrary  and  one  merely  of  con- 
venience. If  I  wished  to  fix  more  correctly  upon  a  period 
which  could  be  spoken  of  as  marking  the  commencing  forma- 
iWO  oi  the  embryo,  I  eUould,  select  the  time  when  etructJJ 
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first  appear  to  mark  out  the  portion  of  the  genn  from  which 
the  embryo  becomes  formed ;  this  period  would  be  in  the 
Elasmobranchii,  as  in  the  Osseous  fish,  at  the  termination  of 
Begmentation,  when  the  want  of  symmetry  between  the 
embryonic  end  of  the  germ  and  the  opposite  end  first  ap- 
pears. 

I  deBcribed  in  the  last  stage  the  formation  of  the  "em- 
bryonic rim."  It  is  in  the  middle  point  of  this,  where  it 
projects  most,  that  the  development  of  the  embryo  takes 
place.  There  appear  two  parallel  folds  extending  from  the 
edge  of  the  blastoderm  towards  the  centre,  and  cut  off  at 
their  central  end  by  another  transverse  fold.  These  three 
folds  raise  up,  between  them,  a  flat  broadish  ridge,  "the 
embryo  "  (PI.  XIV,  fig,  5).  The  head  end  of  the  embryo 
is  the  end  nearest  the  centre  of  the  blastoderm,  the  tail  end 
being  the  one  formed  by  its  {the  blastoderm'sj  edge. 

Almost  from  its  first  appearance  this  ridge  acquires  a 
shallow  groove — the  medullary  groove  (PI.  XIV,  fig.  5,  m  g) 
— along  its  middle  line,  where  the  epihlaat  and  hypoblast  are 
in  absolute  contact  {vide  fig.  6  a,  1  a,l  b,  Sec),  and  where  the 
mesoblast  (which  is  already  formed  by  this  stage)  is  totally 
absent.  This  groove  ends  abruptly  a  little  before  the  front 
end  of  the  embryo,  and  is  deepest  in  the  middle  and  wide 
and  shallow  behind. 

On  each  side  of  it  is  a  plate  of  mesoblast  equivalent  to  the 
combined  vertebral  and  lateral  plates  of  the  Chick.  These, 
though  they  cannot  be  considered  as  entirely  the  cause  of  the 
medullary  groove,  may  perhaps  help  to  make  it  deeper.  In 
the  parts  of  the  germ  outside  the  embryo  the  mesoblast  is 
again  totally  absent,  or,  more  correctly,  we  might  say  that 
outside  the  embryo  the  lower  layer  cells  do  not  become  differ- 
entiated into  hypoblast  and  mesoblast,  and  remain  continuous 
only  with  the  lower  of  the  two  layers  into  which  the  lower 
layer  cells  become  differentiated  in  the  body  of  embryo.  This 
state  of  things  is  not  really  very  different  from  what  we  find 
in  the  Chick.  Here  outside  the  embryo  (i.e.  in  the  opaque 
area)  there  is  a  layer  of  cells  in  wliieh  no  differentiation 
into  hypoblast  and  mesoblast  takes  place,  but  the  layer 
remains  continuous  rather  with  the  mesoblast  than  the 
hypoblast. 

There  is  one  peculiarity  in  the  formation  of  the  mesoblast 
which  I  wish  to  call  attention  to,  i.  e.  its  formation  as  two 
lateral  masses,  one  on  each  side  of  the  middle  line,  hut  not 
continuous  across  this  line  {vide  figs.  6  a  and  6  b,  and  7  a  and 
7  b).  Whether  this  remarkable  condition  is  the  most  primi- 
Jue,  *•  s.  whether,  when  in  the  stage  before  this  the  mesoblast 
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is  first  formed,  it  is  only  on  each  aide  of  the  middle  line  tH^ 
the  differentiation  of  the  lower  layer  cells  into  hypoblast  and 
mesoblast  takes  place,  I  do  not  certainly  know,  but  it  is 
undoubtedly  a  very  early  condition  of  the  mesoblast.  The 
condition  of  the  mesoblast  as  two  plates,  one  on  each  side  of 
the  neural  canal,  is  precisely  similar  to  its  embryonic  condi- 
tion in  many  of  the  Vermes,  e.  g.  Euaxes  and  Lumbrictia,  In 
these  there  are  two  plates  of  mesoblast,  one  oa  each  side  of 
the  nervous  cord,  which  are  known  as  the  Germinal  streaks 
(Keimstreifen)  {vide  Kowalevsky  WUrmern  u.  Arthropoden; 
Mem.  de  I'Acad.  Imp.  St.  Petersbourg,  1871), 

From  longitudinal  sections  I  have  found  that  the  seg- 
mentation cavity  has  ceased  by  this  stage  to  have  any  distinct 
existence,  but  that  the  whole  space  between  the  epiblast 
and  the  yolk  is  filled  up  with  a  mass  of  elongated  ceils,  which 
probably  are  solely  concerned  in  the  formation  of  the  vas- 
cular system.  The  thickened  posterior  edge  of  the  blastoderm 
is  still  visible. 

At  the  embryonic  end  of  the  blastoderm,  as  I  pointed  out 
in  an  earlier  stage,  the  epiblast  and  the  lower  layer  cells  are 
perfectly  continuous. 

Where  they  join  the  epiblast,  the  lower  layer  cells  become 
distinctly  divided,  and  this  division  commenced  even  in  the 
earlier  stage,  into  two  layers ;  a  lower  one,  more  directly  con- 
tinuous with  the  epiblast,  consisting  of  cells  somewhat  re- 
sembling the  epiblast- cells,  and  an  upper  one  of  more 
flattened  cells  {PI.  XIII,  fig.  4,  m).  The  first  of  these  forma 
the  hypoblast,  and  the  latter  the  mesoblast.  They  are  indi- 
cated by  liy  and  m  in  the  figures.  The  hypoblast,  as  I  said 
before,  remains  continuous  with  the  whole  of  the  rest  of 
lower  layer  cells  of  the  blastoderm  (vide  fig.  7  b).  This 
division  into  hypoblast  and  mesoblast  commences  at  the 
earlier  stage,  but  becomes  much  more  marked  during  this 
one. 

In  describing  the  formation  of  the  hypoblast  and  mesoblast 
in  this  way  I  have  assumed  that  they  are  formed  out  of  the 
large  mass  of  lower  layer  cells  which  underlie  the  epiblast  at 
the  embryonic  end  of  the  blastoderm.  But  there  is  another 
and,  in  some  ways,  rather  a  tempting  view,  viz,  to  suppose 
that  the  epiblast,  where  it  becomes  continuous  with  the  hy- 
poblast, in  reality  becomes  involuted,  and  that  from  this 
involuted  epiblast  are  formed  the  whole  mesoblast  and 
hypoblast. 

In  this  case  we  would  be  compelled  to  suppose  that  the 
mass  of  lower  layer  cells  which  forms  the  embryonic  swelling 
is  used  as  food  for  tlie  giowl^i  oi  *,W  \TCTC>Wted  eijibla«t,  a^m 


ON  TBE  DEVELOPMENT  OF  THE  BL&8U0BRANCH  PISBEB.    337 

else  employed  solely  in  the  growth  over  the  yolk  of  the 
non-emhryonic  portion  of  the  blaatodenn ;  but  the  latter 
possibility  does  not  seem  compatible  with  my  aectiouB. 

I  do  not  believe  that  it  is  possible,  from  the  examination 
of  sections  alone,  to  decide  which  of  these  two  views  (viz. 
whether  the  epiblast  is  involuted,  or  whether  it  becomes 
merely  continuous  with  the  lower  layer  ceUsJ  is  the  true  one. 
The  question  must  be  decided  from  other  considerations. 

The  following  ones  have  induced  me  to  take  the  view  that 
there  is  no  involution,  but  that  the  mesoblaat  and  hypoblast 
are  fonned  from  the  lower  layer  cells. 

(1)  That  it  would  be  rather  surprising  to  find  the  mass  of 
lower  layer  cells  which  forms  the  "embryo  swelling"  playing 
no  part  in  the  formation  of  embryo. 

(2)  That  the  view  that  it  is  the  lower  layer  cells  from 
which  the  hypoblast  and  meso blast  are  derived  agrees 
with  tile  mode  of  formation  of  these  two  layers  in  the  Bird, 
and  also  in  the  Frog ;  since  although,  in  the  latter  animal, 
there  is  an  involution,  this  is  not  of  the  epiblast,  bnt  of 
the  laj-ger  cells  of  lower  pole  of  the  yolk,  which  in  part  cor- 
respond with  what  I  have  called  the  lower  layer  cells  in  the 
Dog-fish. 

If  the  view  be  accepted  that  it  is  from  the  lower  layer 
ceils  that  the  hypoblast  and  mesoblast  are  formed,  it  becomes 
necessai-y  to  explain  what  the  continuity  of  the  hypoblast 
with  the  epiblast  means. 

The  explanation  of  this  is,  I  believe,  the  keystone  to  the 
whole  position.  The  vertebrates  may  be  divided  as  to  their 
early  development  into  two  classes,  viz,  those  with  hoiu- 
blaalic  ova,  in  which  the  digestive  canal  is  formed  by  an 
involution  with  the  presence  of  an  "anus  of  Rusconi," 

This  class  includes  "Amphioxus,"  the  "Lamprey,"  the 
"  Sturgeon,"  and  "  Batrachians." 

The  second  class  are  those  with  meroblastic  ova  and  no 
anus  of  Ruscom,  and  with  an  alimentary  canal  formed  by  the 
infolding  of  the  sheet  of  hypoblast,  the  digestive  canal  re- 
maining in  communication  with  the  food-yolk  for  the  greater 
part  of  embryonic  Ufe  by  an  umbilical  canal. 

This  class  includes  the  " Elasmohrancbii,"  "Osseous 
fish,"  "  Keptiles,"  and  "  Aves." 

The  mode  of  formation  of  the  alimentary  canal  in  the 
first  class  is  clearly  the  more  primitive ;  and  it  is  equally 
clear  that  its  mode  of  formation  in  the  second  class  is  an 
adaptation  due  to  the  presence  of  the  large  quantity  of  food- 
yolk. 
^^   In  the  Dog-fish  I  believe  that  we  can  see,  to  a  certain. 
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extent,  how  the  chaiifjc  from  the  one  to  tlie  other  of  these 
modes  of  development  of  the  alimentary  canal  took  place. 

Id  all  the  members  of  the  first  class,  viz.  "Ampkiosma,"  the 
"Lamprey,"  the  " Sturgeon,"  and  the  " Batrachians,"  the 
cplblast  becomes  continuous  with  the  hypoblast  at  the  so- 
called  "anus  of  Rusconi,"  and  the  alimentary  canal,  poten- 
tially in  all  and  actually  in  the  Sturgeon  {vide  Kowa- 
levsky,  Owsjaunikow,  and  Wagner,  'Bulletin  der  Acad,  d, 
St.  Petersbourg,'  vol.  xiv,  1870,  "  Entwicklung  der  St6re"J, 
communicates  &eely  at  its  extreme  hind  end  with  the  neural 
canaL  The  same  is  the  ease  in  the  Dog-fish.  In  these, 
when  the  folding  in  to  form  the  alimentary  canal  on  the  one 
hand,  and  the  neural  on  the  other,  takes  place,  the  two 
foldings  unite  at  the  coruer,  where  the  epiblast  and  hypo- 
blast are  in  continuity,  and  place  the  two  tubes,  the  neural 
aud  alimentary,  in  free  communication  with  each  other.' 

There  ia,  however,  nothing  corresponding  with  the  "  anus 
of  Rusconi,"  which  merely  indicates  the  position  of  the 
involution  of  the  digestive  canal,  and  subsequently  completely 
closes  up,  though  it  nearly  coincides  in  position  with  the 
true  anus  in  tht;  Batrachians,  &c< 

This  remarkable  point  of  similarity  between  the  Dog-fish's 
development  and  the  normal  mode  of  development  in  the  first 
class  (the  holoblastic)  of  vertebrates,  renders  it  quite  clear 
that  the  continuity  of  the  epiblast  and  hypoblast  in  the  Dog- 
fish is  really  the  remnant  of  a  more  primitive  condition,  when 
the  alimentary  canal  was  formed  by  an  involution.  Besides 
the  continuity  between  neural  and  alimentary  canals,  we  have 
other  remnants  of  the  primitive  involution.  Amongst  these 
the  most  marked  ia  the  formation  of  the  embryonic  rim, 
which  is  nothing  less  than  the  commencement  of  an  involu- 
tion. Its  form  is  due  to  the  flattened,  sheet-like  condition 
of  the  germ.  In  the  mode  in  which  the  alimentary  canal  is 
closed  in  front  I  shall  show  there  are  indications  of  the 
primitive  mode  of  formation  of  the  alimentary  canal ;  and  in 
certain  peculiarities  of  the  anus,  which  I  shall  speak  oflater, 
we  have  indications  of  the  primitive  anus  of  Rusconi ;  and 
finally,  in  the  general  growth  of  the  epiblast  {small  cells  of 
the  upper  pole  of  the  Batrachian  egg)  over  the  yolk  (lower 
pole  of  the  Batrachian  egg),  we  have  an  example  of  the 
maimer  in  which  the  primitive  involution,  to  form  the  ali- 
mentary canal,  invariably  disappears  when  the  quantity  of 
yolk  in  an  egg  becomes  very  great. 

I  believe  that  in  the  Dog-fish  we  have  before  our  eyes 

I  This  has  been  alread;  made  out  bf  Kowolsvakj,  "  Wurmetn  u.  Aitbffr- 
podea,"  Joe.  cit. 
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one  of  the  steps  by  which  a  direct  mode  of  formation  comes 
to  be  substituted  for  an  indirect  one  by  involution.  We  find, 
in  fact, in  the  Dog-fish,  that  the  cells  from  which  are  derived 
the  raesoblast  and  hypoblast  come  to  occupy  their  final 
position  in  the  primitive  arrangement  of  the  cells  during 
segmentation,  and  not  by  a  subsequent  and  secondary 
involution. 

This  change  in  the  mode  of  formation  of  the  alimentary 
canal  is  clearly  a  result  of  change  of  mechanical  conditions 
from  the  presence  of  the  large  food-yolk. 

Excellent  parallels  to  it  will  be  found  amongst  the  Mol- 
liisca.  In  this  class  the  presence  or  absence  of  food-yolk 
produces  not  very  dissimilar  changes  to  those  which  are 
produced  amongst  vertebrates  from  the  same  cause. 

The  continuity  of  the  hypoblast  and  epiblaat  at  the  em- 
bryonic rira  is  a  remnant  which,  having  no  meaning  or 
function,  except  in  reference  to  the  earlier  mode  of  develop- 
ment, is  likely  to  become  lost,  and  in  Birds  no  trace  of  it  is 
any  longer  to  be  found. 

I  will  not  in  the  present  preliminary  paper  attempt 
hypothetical  I  y  to  trace  the  steps  by  which  the  involution 
gradually  disappeared,  though  I  do  not  think  it  would  be 
very  difficult  to  do  so.  Nor  will  I  attempt  to  discuss  the 
question  whether  the  condition  with  a  large  amount  of  food- 
yolk  (as  seems  more  probable)  was  twice  acquired — once  by 
the  Elasmobranchii  and  Osseous  fishes,  and  once  by  Reptiles 
and  Birds — or  whether  only  once,  the  Reptiles  and  Birds 
being  lineal  descendants  of  the  Dog-fish. 

In  reference  to  the  former  point,  however,  I  may  mention 
that  the  Batrachians  are  to  a  certain  extent  intermediate  in 
condition  between  the  Amphioxus  and  the  Dog-fishes, 
since  in  them  the  yolk  becomes  divided  during  segmenta- 
tion into  lower  layer  cells  and  epiblast,  but  a  modified  involu- 
tion is  still  retained,  while  the  Dog-fish  may  be  looked  upon 
as  intermediate  between  Birds  and  Batrachians,  the 
continuity  at  the  hind  end  between  the  epiblast  and  hypo- 
blast being  retained  by  them,  though  not  the  involution. 

It  may  be  convenient  here  to  call  attention  to  some  of  the 
similarities  and  some  of  the  differences  which  I  have  not  yet 
spoken  of  between  the  development  of  Osseous  fish  and  the 
Dog-fish  in  the  early  stages.  The  points  of  similarity 
are — (1}  The  swollen  edge  of  the  bla.=toderm.  (2)  The 
embryo- swelling.  (3)  The  embryo-keel.  (4)  The  spreading 
of  the  blastodern  over  the  yolk-sac  from  a  point  corresponding 
with  the  position  of  the  embryo,  and  not  with  the  centre  of 
ihe  germ.  The  growth  k  almost  nothing  at  t.\ia.\,'5M\\A,*.\i^ 
Lrux..  xtv. — jv£w  a£it,  i 
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most  rapid  at  the  opposite  pole  of  the  hlastoderm,  being 
leas  and  less  rapid  along  points  of  the  circumference  in  pro- 
portion to  their  proximity  to  the  embryonic  swelling,  (5)  The 
medullary  groove. 

In  external  appearance  the  early  embryos  of  Dog-fish 
and  Teleostei  are  very  similar ;  some  of  my  drawings  could 
almost  be  substituted  for  those  given  by  Oellacher.  This 
Bimilarity  is  especially  marked  at  the  first  appearance  of 
the  medullary  groove.  In  the  Dog-fish  the  medullary  groove 
becomes  converted  into  the  medullary  canal  in  the  same  way 
as  with  Birds  and  all  other  vertebrates,  except  Osseous  fishes, 
where  it  comes  to  nothing,  and  is,  in  fact,  a  rudimentary 
organ.  But  in  spite  of  Oeltacher's  assertions  to  the  contrary,  I 
am  convinced  from  the  similarity  of  its  position  and  appearance 
to  the  true  medullary  groove  in  the  Dog-fish,  that  the  groove 
which  appears  in  Osseous  fishes  is  the  true  medullary  groove ; 
although  Oellacher  appears  to  have  concliisively  proved  that 
it  does  not  become  converted  into  the  medullary  canal.  The 
chief  difference  between  the  Dog-fish  and  Osseous  fish,  in  ad- 
dition to  the  point  of  difference  about  the  medullary  groove, 
is  that  the  epiblast  is  in  the  Dog-fish  a  single  layer,  not 
divided  into  nervous  and  epidermic  layers  as  in  Osseous  fish, 
and  this  difference  is  the  more  important,  since,  throughout 
the  whole  period  of  development  till  after  the  commence- 
ment of  the  formation  of  the  neural  canal,  the  epiblast  remains 
as  a  one-cell-deep  layer  of  cells,  and  thus  the  possibility  is 
excluded  of  any  concealed  division  into  a  neural  and  epi- 
dermic layer,  as  has  been  supposed  to  be  the  case  by  Stricter 
and  others  in  Birds. 

Development  of  the  Embryo. 
After  the  embryo  has  become  definitely  established,  for 
some  time  it  grows  rapidly  in  length,  without  externally 
undergoing  other  important  changes,  with  the  exception  of 
the  appearance  of  two  swellings,  one  on  each  side  of  its  tail. 
These  swellings,  which  I  will  call  the  Caudal  lobes 
(figs.  8  and  9,  t  s),  are  also  found  in  Osseous  fishes,  and 
have  been  called  by  Oellacher  the  Embryonal  saum.  They 
are  caused  by  a  thickening  of  mesohlast  on  each  side  of 
the  hind  end  of  the  embryo,  at  the  edge  of  the  embryonic 
rim,  and  form  a  very  conspicuous  feature  throughout  the 
early  stages  of  the  development  of  the  Bog-fish,  and  are  still 
more  marked  in  the  Torpedo  (PI.  XIV,  fig.  9).  Although 
from  the  surface  the  other  changes  which  are  visible  are 
very  insignificant,  sections  show  that  the  notochord  is  com- 
mencing to  be  formed. 
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I  pointed  out  that  beneath  the  medullary  groove  the 
epiblast  and  hypoblast  were  not  separated  by  any  interposed 
mesoblast.  Along  the  line  {where  the  raesoblast  is  defi- 
cient) which  forms  the  long  axis  of  the  embryo,  a  rod-like 
thickening  of  the  hypoblast  appears  (PI.  XIV,  figs.  7  a  and 
7  b,  ch  and  ch'),  first  at  the  head  end  of  the  embryo,  and 
gradually  extending  backwards.  This  is  the  rudiment  of  the 
notochord ;  it  remains  attached  for  some  time  to  the  hypo- 
blast, and  becomes  separated  from  it  first  at  the  head  end  of 
the  embryo,  and  the  separation  is  then  carried  backwards. 
This  thickening  of  the  hypoblast  projects  up  and  comes  in 
contact  with  the  epiblast,  and  in  the  later  stages  with  bad 
(especially  chromic-acid)  specimens  the  line  of  separation 
between  the  epiblast  and  the  thickening  may  become  a  little 
obscured,  and  might  possibly  lead  to  the  supposition  that  a 
structure  similar  to  that  which  has  been  called  the  "  axis 
cord  "  was  present.  In  all  my  best  (osmic-acid)  specimens  the 
line  of  junction  is  quite  cleat ;  and  any  one  who  is  aware 
how  easily  two  separate  masses  of  cells  may  be  made  indistin- 
guishably  to  fuse  together  from  simple  pressure  will  not  be 
surprised  to  find  the  occasional  obscurity  of  the  line  of  junc- 
tion between  the  epiblast  and  hypoblast.  In  the  earlier 
stage  of  the  thickening  there  is  never  in  the  osmic-acid  pre- 
parations any  appearance  of  fusion  except  in  very  badly 
prepared  ones.  Its  mode  of  formation  will  be  quite  clear 
without  further  description  from  an  inspection  of  PI.  XIV, 
figs.  7  a  and  7  b,  ch  and  ch'.  Both  are  taken  from  one 
embryo.  In  fig.  7  6,  the  most  anterior  of  the  two,  the 
notochord  has  become  quite  separated  from  the  hypoblast. 
In  fig,  7  a,  ch,  there  is  only  a  very  marked  thickening  of 
hypoblast,  which  reaches  up  to  the  epiblast,  hut  the  tluck- 
ening  is  still  attached  to  the  hypoblast.  Had  I  had  space 
to  insert  a  drawing  of  a  third  section  of  the  same  embryo 
there  would  only  have  been  a  slight  thickening  of  the  hypo- 
blast. In  the  earlier  stage  it  will  be  seen,  by  referring  to 
figs.  6  a  and  6  b,  that  there  is  no  sign  of  a  thickening  of  the 
hypoblast.  My  numerous  sections  (all  made  from  embryos 
hardened  in  osmic  acid)  showing  these  points  are  ao  clear  that 
I  do  not  think  there  can  be  any  doubt  whatever  of  the  noto- 
chord being  formed  as  a  thickening  of  the  hypoblast.  Two 
interpretations  of  this  seem  possible. 

I  mentioned  that  the  mesoblast  appeared  to  be  primitively 
formed  as  two  indeperideut  sheets,  split  off,  so  lo  speak,  from 
the  hypoblast,  one  on  each  side  of  the  middle  line  of  the 
:mbryo.     If  we  looked  upon  the  notochord  as  a  third  median 

:et  ofmesoblast,  split  off  from  the  hypoblast  eomevrhat  latec 
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than  tile  otlier  two,  we  should  avoid  having  to  admit  ils  liypo- 
blastic  origin. 

Professor  Huxley,  to  whom  I  have  shown  my  specimens, 
stroQgly  advocates  this  view. 

The  other  possibility  is  that  the  notochord  is  primitively 
a  true  kypoblastic  structure  which  has  only  by  adaptation 
become  an  apparently  mesodlastic  one  in  the  higher  verte- 
brates. In  favour  of  this  view  are  the  following  con- 
siderations : 

(1)  That  this  is  the  undoubtedly  natural  interpretation  of 
the  sections.  (2)  That  the  notochord  becomes  separated 
from  the  hypoblast  after  the  latter  has  acquired  its  typical 
structure,  and  differs  in  that  respect  from  the  two  lateral 
sheets  of  mesoblast,  which  are  formed  coincidently  with  the 
hypoblast  by  a  homogeneous  mass  of  cells  becoming  differen- 
tiated into  two  distinct  layers.  (3)  That  the  first  mode  of 
looking  at  the  matter  really  proves  too  much,  since  it  is 
clear  that  by  the  same  method .  of  reasoning  we  could  prove 
the  mesoblastic  origin  of  any  organ  derived  from  the  hypo- 
blast  and  budded  off  into  the  mesoblast.  We  should  merely 
have  to  assert  that  it  was  really  a  mass  of  mesoblast  budded 
off  from  the  hypoblast 'rather  later  than  the  remainder  of  the 
mesoblast.  Still,  it  must  be  admitted  that  the  first  view  I  have 
suggested  ia  a  possible,  not  to  say  a  probable  one,  though 
the  mode  of  arguing  by  which  it  can  he  upheld  may  be 
rather  dangerous  if  generally  applied.  We  ought  not,  how- 
ever, for  that  reason  necessarily  reject  it  in  the  present  case. 
As  Mr.  Ray  Lankester  pointed  out  to  me,  if  we  accept  the 
hypoblastic  origin  of  the  notochord,  we  should  find  a  partial 
parallel  to  it  in  the  endostyle  of  Tunicales,  and  it  is  perhaps 
interesting  to  note  in  reference  to  it  that  the  notochord  is  the 
only  untegmented  portion  of  the  axial  skeleton. 

Whether  the  strong  a  priori  arguments  against  the  hypo- 
blastic  origin  of  the  notochord  are  sufficient  to  counter- 
balance the  natural  interpretations  of  my  sections,  cannot, 
I  think,  be  decided  from  the  single  case  of  the  Dog-fish. 
It  is  to  be  hoped  that  more  complete  investigations  of  the 
Lamprey,  &c.,  may  throw  further  light  upon  the  question. 

Whichever  view  of  the  primitive  origin  of  the  notochord 
is  the  true  one,  its  apparent  origin  is  very  instructive  as 
illustrating  the  possible  way  in  which  an  organ  might  come 
to  change  the  layer  to  which  it  primarily  belonged. 

If  the  notochord  is  originally  a  mesoblastic  structure,  it 
is  easy  to  be  seen  how,  by  becoming  separated  from  the  hypo- 
blast a  little  later  than  is  the  case  with  the  Dog-fish,  its  true 

lyUastic  origin  would  become  lost ;  while  if,  on  the  of 
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■Itend,  it  is  primitively  a  hypoblasric  structure,  we  see  from 
higher  vetebrates  how,  by  becoming  separated  from  the 
hypoblast  rather  earlier  than  in  the  Dog-fish,  viz.  at  the  same 
time  as  the  rest  of  the  mesoblaat,  its  primitive  derivation 
from  the  hypoblast  has  become  concealed. 

The  view  seemingly  held  by  many  embryologista  of  the 
present  day,  that  an  organ,  when  it  waa  primitively  derived 
from  one  layer,  can  never  be  apparently  formed  in  another 
layer,  appears  to  me  both  unreasonable  on  a  priori  grounds 
and  also  unsupported  by  facts. 

I  see  no  reason  for  doubting  that  the  embryo  in  the 
earliest  periods  of  development  is  as  subject  to  the  laws  of 
natural  selection  as  is  the  animal  at  any  other  period. 
Indeed,  there  appear  to  me  grounds  for  the  thinking  that  it  is 
more  so.  The  remarkable  differences  in  allied  species  as  to 
the  amount  of  food-yolk,  which  always  entail  corresponding 
alterations  in  the  development — the  different  modes  of 
segmentation  in  allied  species,  such  as  are  found  in  the 
Amphipoda  and  Isopoda — the  suppression  of  many  stages 
in  freshwater  species,  which  are  retained  in  the  allied 
marine  species — are  all  instances  of  modifications  due  to 
natural  selection  affecting  the  earliest  stages  of  development. 
If  such  points  as  these  can  be  affected  by  natural  selection 
I  see  no  reason  why  the  arrangement  of  individual  cells  (or 
rather  primitive  elements)  should  not  also  be  modified ; 
why,  in  fact,  a  mass  of  cells  which  was  originally  derived 
from  one  layer,  but  in  the  course  of  development  became 
budded  off  from  that  layer  and  entered  another  layer,  shou  Id 
not  by  a  series  of  small  steps  cease  ever  to  be  attached  to 
the  original  layer,  but  from  the  first  moment  it  can  be  dis- 
tinguished should  be  found  as  a  separate  mass  in  the  second 
layer. 

The  change  of  layers  will,  of  comse,  only  take  place 
vphere  some  economy  is  effected  by  it.  The  variations  in  the 
mode  of  development  of  the  nervous  system  may  probably  be 
explained  in  this  way. 

If  we  admit  that  organs  can  undergo  changes,  as  to  the 
primitive  layer  from  which  they  are  derived,  important 
consequences  must  follow. 

It  will,  for  instance,  by  no  means  be  sufficient  evidence  of 
two  organs  not  being  homologous  that  they  are  not  deve- 
loped from  the  same  layer.  It  renders  the  task  of  tracing 
out  the  homologies  from  development  much  more  difficult 
than  if  the  ordinary  view  of  the  invariable  correspondence  of 
the  three  layers  throughout  the  animal  kingdom  be  accepted. 
nAithough  I  do  not  believe  that  this  coiTeB\)ondeute  is  wvavv- 
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able  or  exact,  I  thiiik  that  wo  both  find  and  sbould  expect 
to  find  that  it  is,  roughly  speaking,  fairly  so. 

Thus,  the  muscles,  internal  skeleton,  and  connective  tissue 
are  always  placed  in  the  adult  between  the  skin  (epidermis) 
and  the  epithelium  of  the  alimentary  canal. 

We  should  therefore  expect  to  find  thcra,  and,  as  a  matter 
of  fact,  we  always  do  find  them,  developed  from  a  middle 
layer  when  this  is  present. 

The  upper  layer  must  always  and  does  always  form  the 
epidermis,  and  similarly  the  lower  layer  or  hypoblast  must 
form  a  part  of  the  epithelium  of  the  alimentary  canal, 
A  full  discussion  of  this  question  would,  however,  lead  me 
too  far  away  from  my  present  subject. 

The  only  other  point  of  interest  which  I  can  touch  on  in 
this  stage  is  the  commencing  closure  of  the  alimentary  canal 
in  the  region  of  the  head.  This  is  shown  in  PI.  XIII,  fig. 
6a,  66,  and  PI.  XIV,  76,  n.  a.  From  these  figures  it  can  be 
seen  that  the  closing  does  not  take  place  as  much  by  an  in- 
folding as  by  an  ingrowth  from  the  side  walls  of  the  alimentary 
canal  towards  the  middle  line.  In  this  abnormal  mode  of 
closing  of  the  alimentary  canal  we  have  again.  I  believe,  an 
intermediate  stage  between  the  mode  of  formation  of  the 
alimentary  canal  in  the  Frog  and  the  typical  folding  in  which 
occurs  in  Birds.  There  is,  however,  another  point  in  refer- 
ence to  it  which  is  still  more  interesting.  The  cells  to  form 
the  ingrowth  fi'om  the  bottom  (ventral)  wall  of  the  alimentary 
canal  are  derived  by  a  continuous  fresh  formation  from  the 
yolk,  being  formed  around  the  nuclei  spoken  of  above  {vide 
p.  329).  All  my  sections  show  this  with  more  or  less  clear- 
ness, especially  those  a  little  later  than  fig.  6  b,  in  which  the 
lower  wall  of  the  alimentary  canal  is  nearly  completed.  This 
is  the  more  interesting  since,  from  the  mode  of  formation  of 
the  alimentary  canal  in  the  Batrachians,  &c.,  we  might  expect 
that  the  cells  from  the  yolk  would  take  a  share  in  its  forma- 
tion in  the  Dog-fish,  I  have  not  as  yet  made  out  for  certain 
the  share  which  is  taken  by  these  freshly  formed  cells  of  the 
yolk  in  the  formation  of  any  other  organ. 

By  the  completion  of  its  lower  wall  in  the  way  described, 
the  throat  early  becomes  a  closed  tube,  its  closing  taking 
place  before  any  other  important  changes  are  visible  in  the 
embryo  from  surface  views. 

A  considerable  increase  in  length  is  attained  before  other 
changes  than  an  increase  in  depth  of  the  meduilaiy  groove 
and  a  more  complete  folding  off  of  the  embryo  from  the 
blastoderm  take  place.  The  first  important  change  is  the 
formation  of  the  protoveiteVa;. 
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*  These  are  formed  by  the  lateral  plates  of  mesoblast,  which 
I  said  were  equivalent  at  once  to  the  vertebral  and  lateral 
plates  in  the  Bird,  becoming  split  by  transverse  divisions  into 
cubical  masses. 

At  the  time  when  this  occurs,  and,  indeed,  up  till  a  con- 
siderably later  period,  the  mesoblast  is  not  split  into  somato- 
pleuro  aud  apianchnopleuie,  and  it  is  not  divided  into 
vertebral  and  lateral  plates.  Tlie  transverse  lines  of  division 
of  the  protovertebrce  do  not,  however,  extend  to  the  outer 
edge  of  the  undivided  lateral  plates. 

The  differences  between  this  mode  of  formation  of  the 
protovertebrie  and  that  occurring  in  Birds  are  too  obvious 
to  require  pointing  out.  I  will  speak  of  them  more  fully 
wlien  I  have  given  the  whole  history  of  the  pro  to  vertebras 
of  the  Dog-fish. 

I  will  only  now  say  that  I  have  had  in  the  early  stages  to 
investigate  the  formation  of  the  protovertebrre  entirely  by 
means  of  sections,  the  objects  being  too  opaque  to  be  other- 
wise studied. 

The  next  change  of  any  importance  is  the  commencement 
of  the  formation  of  the  head.  The  region  of  the  head  first 
becomes  distinguishable  by  the  flattening  out  of  the  germ  at 
its  front  end. 

The  flattened-out  portion  of  the  germ  grows  rapidly,  and 
forms  a  spatula-hke  termination  to  the  embryo  (PI.  XIII, 
fig.  8). 

In  the  region  of  the  head  the  medullary  groove  is  at  first 
totally  absent  (vide  section,  PI.  XIV,  fig.  8  a). 

Indeed,  as  can  be  seen  from  fig.  8  i,  the  larainfe  dorsales,  so 
far  from  bending  up  at  this  stage,  actually  bend  down  in  the 
opposite  direction. 

I  am  at  present  quite  unable  even  to  form  a  guess  what 
this  peculiar  feature  of  the  brain  means.  It,  no  doubt,  baa 
some  meaning  in  reference  to  the  vertebrate  ancestry  if  we 
could  only  discover  it.  ITie  peculiar  spatula-like  flattened 
condition  of  the  head  is  also  {vide  loc.  ant.  cit.)  appa- 
rently found  in  the  Stuigeons ;  it  must  therefore  almost 
undoubtedly  be  looked  upon  as  not  merely  an  accidental 
peculiarity. 

While  these  changes  have  been  taking  place  in  the  head 
not  less  important  changes  have  occurred  in  the  remainder 
of  the  body.  In  the  first  place  the  two  caudal  lobes  have 
increased  in  size,  and  have  become,  as  it  were,  pushed  in 
together,  leaving  a  groove  between  them  (fig.  8,  Is).  They 
are  very  conspicuous  objects,  and,  together  with  the  spatula- 
■.'like  head,  give  the  whole  embryo  an  almost  iiQ\iM.iia.\.  ^'ji^e:'Mt 
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aiice.     The  medullary  canal  has  by  this  time  become  coj 
pletely  closed  Jii  the  region  of  the  tail  (figs.  8  and  8fi). 

It  is  still  widely  open  in  the  region  of  the  back,  and, 
though  more  nearly  closed  again  in  the  neck,  is,  as  I  have 
said,  flattened  out  to  nothing  in  the  head. 

The  groove'  between  the  two  caudal  lobes  must  not  be 
confused  (as  may  easily  be  done)  with  the  medullary  groove, 
which  by  the  time  the  former  groove  has  become  con- 
spicuous is  a  completely  closed  canal. 

The  vertebral  plates  are  not  divided  (vide  fig.  7)  into  a 
somatopleuric  and  splanchnopleuric  layer  by  this  stage,  ex- 
cept in  the  region  of  the  head  (vide  fig.  8  o,  p  p'),  where 
there  is  a  distinct  space  between  the  two  layers,  which  is 
undoubtedly  homologous  with  the  pleuro-peritoneal  cavity  of 
the  hinder  portion  of  the  body. 

It  is  probably  the  same  cavity  which  Oellacher  (loc,  cit.) 
calls  in  Osseous  fishes  the  pericardial  cavity.  In  the  Dog- 
fish, at  least,  it  baa  no  connection  with  the  pericardium. 
Of  its  subsequent  history  I  shall  say  a  few  words  when  I 
come  to  speak  of  the  later  stages. 

The  embryo  does  not  take  more  than  twenty-four  hours  in 
passing  from  this  stage,  when  the  head  is  a  flat  plate,  to  the 
Stage  when  the  whole  neural  canal  (including  the  region  of 
the  head)  is  closed  in.  The  other  changes,  in  addition  to  the 
closing  in  of  the  neural  canal,  are  therefore  somewhat  insig- 
nificant. The  folding  off  of  the  embryo  from  the  germ  has, 
however,  progressed  considerably,  and  a  portion  of  the  hind 
gut  is  closed  in  below.  This  is  accomplished,  not  by  a  tail- 
fold,  as  in  Birds,  but  by  two  lateral  folds,  which  cause  the 
sides  of  the  body  to  meet  and  coalesce  below.  At  the  extreme 
hind  end,  where  the  epiblast  is  continuous  with  the  hypo- 
blast, the  lateral  folds  turn  round,  so  to  speak,  and  become 
continuous  with  the  medullary  folds,  so  that  when  the  various 
folds  meet  each  other  an  uninterrupted  canal  is  found 
passing  round  from  the  neural  into  the  alimentary  canal,  and 
placing  these  two  in  communication  at  the  tail  end  of  the 
body.  Since  I  have  already  mentioned  this,  and  spoken  of 
its  significance,  I  will  not  dwell  on  it  further  here. 

The  cranial  flexure  commences  coincidently  with  the  closing 
in  of  the  neural  canal  in  region  of  the  brain,  and  the  division 
into  fore,  mid,  and  hind  brain  becomes  visible  at  the  same 
time  as  or  even  before  the  closing  of  the  canal  occurs.  The 
embryo  has  now  become  more  or  less  transparent,  and  proto- 

'  This  groove  is  ihe  onl^  structure  wliicli  it  seems  possible  to  compnre 
witli  Uic  80-ciJled  "  primitive  groova  "  of  Birds,  It  is,  bowever,  doubtful 
wlietfaer  the?  are  ntilj  houal^Di, 
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vertebrffi)  of  which  about  twenty  are  present,  can  now  be 
seen  in  the  fresh  specimens.  The  heart,  however,  is  not  yet 
formed. 

Up  to  this  period,  a  period  at  which  the  embryo  becomes 
very  similar  in  external  appearance  to  any  other  vertebrate 
embryo,  I  have  followed  in  my  description  a  chronological 
order,  I  shall  now  cease  to  do  so,  since  it  would  be  toolong 
for  a  preliminary  notice  of  this  kind,  but  shall  confine  myself 
to  the  histor}'  of  a  few  orffans  whose  development  is  either 
more  important  or  more  peculiar  than  that  of  the  others. 

The  Protoverlebree. 

I  have  thought  it  worth  while  to  give  a  short  history  of  the 
development  of  the  protovertebrEe,  firstly,  because  it  is  very 
easy  to  follow  this  in  the  Dog-fish,  and,  secondly,  because  I 
believe  that  the  Dog-fish  have  more  nearly  retained  the  primi- 
tive condition  of  the  proto vertebrae  than  any  other  vertebrate 
whose  embryology  has  hitherto  been  described  with  sufficient 
detail. 

I  intend  to  describe,  at  the  same  time,  the  development  of 
the  spinal  nerves, 

I  left  each  lateral  mass  of  mesoblast  in  my  last  stage  as 
a  plate  which  had  not  yet  become  spHt  into  a  somatic  and 
a  splanchnic  sheet  (PI,  XIV,  fig.  H  a,  v  p),  but  which  had 
become  cut  by  transverse  Hues  (not,  indeed,  extending  to  the 
outer  limit  of  the  sheet,  but  as  yet  not  cut  off  by  longitudinal 
lines  of  cleavage)  into  segments,  which  I  called  proto- 
vertebne. 

This  sheet  of  mesoblaBt  is  fairly  thick  at  its  proximal 
(upper)  end,  but  thins  off  laterally  to  a  sheet  two  cells  deep, 
and  its  cells  are  so  arranged  as  to  foreshadow  its  subse- 
quent splitting  into  somatic  and  aplunclinic  sheets.  Its  upper 
(proximal)  end  is  at  this  stage  level  with  the  bottom  of  the 
neural  canal,  but  soon  begins  to  grow  upwards,  and  at  the 
same  time  the  splitting  into  aomatopleure  and  splauchno- 
pleure  commences  (PI.  XIV,  fig,  10,  so  and  sp). 

The  separation  between  the  two  sheets  is  first  visible  in  its 
uppermost  part,  and  thence  extends  outwards.  By  this  means 
each  of  the  protovertebrEe  becomes  divided  into  two  sheets, 
which  are  only  connected  at  their  upper  ends  and  outside  the 
region  of  the  body.  I  speak  of  the  whole  lateral  sheet  as  being 
composed  of  protovertebrEe,  because  at  this  time  no  separa- 
tion into  vertebral  and  lateral  plates  can  be  seen ;  but  I  mav 
anticipate  matters  by  saying  that  only  tlie  upper  portion  of  the 
Bheet  from  the  level  of  the  top  of  the  digestive  rannl,  becomes 
Babsequently  the  true  protovertebrEe;  so  th&t  it  is  cleos.^ 
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the  pleiiro-peritoDeal  cavity  extends  primitively  quite  u^^ 
the  top  of  the  protovertebrEe  ;  aud  that  thus  a  portion  of  a 
sheet  of  mesoblast,  at  first  perfectly  coDtiououB  with  the 
splauchiiic  sheet  from  which  is  derived  the  muscular  wall  of 
the  alimentary  canal,  is  converted  into  apart  of  the  voluntary 
muscular  system  of  the  body,  having  no  conuectiou  whatever 
with  the  involuntary  muecular  system  of  the  digestive  tract. 

The  pleuro- peritoneal  cavity  is  first  distinctly  formed  at  a 
time  when  only  two  visceral  clefts  are  present.  Before  the 
appearance  of  a  third  visceral  cleft  in  a  part  of  the  inner- 
moBt  layer  of  each  protovertebrEe  (whicfi  may  he  called  the 
splauchnic  layer,  from  its  being  continuous  with  the  meso- 
blast of  the  splanchuopleure),  opposite  the  bottom  of  the 
neural  tube,  some  of  the  cells  commence  to  become  distin- 
guishable from  the  rest,  and  to  form  a  separate  mass.  This 
mass  becomes  much  more  distinct  a  little  later,  its  cells 
being  characterised  by  being  spiudle-shaped,  and  having  an 
elongated  nucleus  which  becomes  deeply  stained  by  reagents 
(PI,  XV,  fig.  11,  M^').  Cotneidently  with  its  appearance  the 
young  Dog-fish  commences  spontaneously  to  move  rapidly 
fromsidetosidewithakindofaerpentinemotion,  BO  that,  even 
if  I  had  not  traced  the  development  of  this  differentiated  mass 
of  cells  till  it  becomes  a  baud  of  muscles  close  to  the  noto- 
chord,  I  should  have  had  little  doubt  of  its  muscular  nature. 
It  is  indicated  in  figs.  11, 12,  13,  by  the  letters  m  p'.  Its 
early  appearance  is  moat  probably  to  be  looked  upon  as  an 
alaptation  consequent  upon  the  respiratory  requirements  of 
the  young  Dog-fish  necessitating  movements  within  the  egg. 

Shortly  after  this  date,  at  a  period  when  three  visceral 
clefts  are  preaent,  I  have  detected  the  first  traces  of  the 
spinal  nerves. 

At  this  time  they  appear  in  sections  as  small  elliptical 
masses  of  cells,  entirely  independent  of  the  protovertebrae,  and 
closely  applied  to  the  upper  aud  outer  corners  of  the  involuted 
epiblast  of  the  neural  canal  (PI.  XV,  fig,  11,  sp  n).  These 
bodies  are  far  removed  from  any  meaoblastic  structures,  and 
at  the  same  time  the  cells  composing  them  are  not  similar  to 
the  cells  composing  the  walls  of  the  neural  canal,  aud  are 
not  attached  to  these,  though  lying  in  contact  with  them.  I 
have  not,  therefore,  suflicieut  evidence  at  preaent  to  enable 
me  to  say  with  any  certainty  where  the  spinal  nerves  are 
derived  from  in  the  Dog-fish.  They  may  be  derived  from 
the  involuted  epiblast  of  the  neural  canal,  and,  indeed,  this 
is  the  most  natural  interpretation  of  their  position. 

On  the  other  hand,  it  is  possible  that  they  are  formed  from 
rfluderiug  cells  of  the  me9'o\)\a,%l — a  Tjtja%\Vi\V\\.-j  ^\i\<iK,  ^j^H 
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our  present  knowledge  of  wandering  cells,  must  not  be  thrown 
aside  as  altogether  improbable. 

In  any  case,  it  is  clear  that  the  condition  in  the  Bird, 
where  the  spinal  nerves  are  derived  from  tissue  of  the  proto- 
vertebrse,  is  not  the  primitive  one.  Of  this,  however,  I  will 
speak  again  when  I  have  concluded  my  account  of  the 
development  of  the  protovei'tebrBe. 

About  the  same  time  that  I  have  found  the  rudiments  of 
the  nerves  the  division  of  the  mesoblast  of  the  sides  of  the 
body  into  a  vertebral  and  a  lateral  portion  occurs.  This 
division  first  appears  in  the  region  where  the  oviduct  (Miiller'a 
duet)  is  formed  {PI.  XV,  fig.  11,  ov). 

At  this  part  opposite  the  level  of  the  dorsal  aorta  the  two 
sheets,  viz.  the  splanchnic  and  the  somatic,  unite  together, 
and  thus  each  lateral  sheet  of  mesoblast  becomes  divided  into 
an  upper  portion  (fig.  ll,»ij*),split  up  by  transverse  partitions 
into  protovertebriE,  and  a  lower  portion  not  so  split,  but  con- 
sisting of  an  outer  layer,  the  true  somatopleure,  and  an  inner 
layer,  tiie  true  splanchuopleure.  These  two  divisions  of  tlie 
primitive  plate  are  thus  separated  by  the  line  at  which  a  fusion 
between  the  mesoblast  of  the  somatopleure  aud  splanchno- 
pleure  takes  place.  The  mass  of  cells  resulting  from  the 
fusion  at  this  point  corresponds  with  the  intermediate  cell- 
mass  of  Birds  {vide  Waldeyer,  'Eierstock  undEi'j. 

At  the  same  time,  in  the  upper  of  these  two  sheets,  the 
splanchnic  layer  sends  a  growth  of  cells  inwards  towards 
the  uotochord  and  the  neural  caual.  This  growth  is  the 
commencement  of  the  large  quantity  of  mesoblastie  tissue 
around  the  uotochord,  which  is  in  part  converted  into  the 
axial  skeleton,  and  in  part  into  the  connective  tissue  adjoining 
this. 

This  mass  of  cells  is  at  first  quite  continuous  with  the 
splanchnic  layer  of  the  protovertebrEe,  and  I  see  no  reason 
for  supposing  that  it  is  not  derived  from  the  growth  of  the 
cells  of  this  layer.  The  ingrowth  to  form  it  first  appears 
a  little  after  the  formation  of  the  dorsal  aorta ;  but,  as  far 
as  I  have  been  able  to  see,  its  cells  have  no  connection  with 
the  walls  of  the  aorta, 

What  I  have  said  as  to  the  development  of  the  skeleton- 
forming  layer  will  be  quite  clear  from  figs.  11  and  12  a; 
and  from  these  it  will  also  be  clear,  especially  from  fig.  11a, 
that  the  outermost  layer  of  this  mass  of  cells,  which  was  the 
primitive  splanchnic  layer  of  the  protovertcbrEC,  still  retains 
its  epithelial  character,  and  so  can  easily  be  distinguished 
from  those  cells  which  will  form  the  skeleton.  In  the  next 
which  I  have  figured  (fig,  13a)jtbi3  0uVei^Qi'(Mai(iS.NXv^ 
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Splanchnic  layer  is  completely  separated  from  the  skeletSfB 
forming  celU,  and  at  the  aamu  time  liaviug  united  below  as 
well  as  above  witb  the  outer  (somatic)  layer  of  the  two  layers 
of  which  the  protovertebrae  are  formed,  the  two  together 
form  an  independent  mass  (fig.  13,  »»^),  similar  in  appearance 
and  in  every  way  homologous  with  the  muscle-plate  oi' 
Birds. 

On  the  inner  side  of  this,  which  we  may  now  call  the 
muscle-plate,  is  seen  the  bundle  of  earlier-developed  muscles 
(fig.  12,  mp')  which  I  spoke  of  before. 

The  section  represented  in  fig.  12  is  from  a  very  consider- 
ably later  embryo  than  that  represented  in  fig.  11,  so  that 
the  skeleton-forming  cells,  few  in  number  in  the  earlier 
section,  have  become  very  numerous  in  the  later  one,  ami 
have  grown  up  above  the  neural  canal,  and  also  below  the 
notochord,  between  the  digestive  canal  and  the  aorta.  They 
have,  moreover,  changed  their  character ;  they  were  round 
before,  now  they  have  become  stellate.  As  to  their  further 
history,  I  will  only  say  that  the  layer  of  them  immediately 
around  the  notochord  and  neural  canal  forms  the  cartilaginous 
centra  and  arches  of  the  vertebrie,  and  that  the  remaining 
portion  of  them,  which  becomes  much  more  insignificant  in 
size  as  compared  with  the  muscles,  forms  the  connective  tissue 
of  the  skeleton  and  of  the  parts  around  and  between  the 
muscles. 

A  rauscle-piate  itself  is  at  this  stage  (shown  in  fig.  12) 
composed  of  an  inner  and  an  outer  layer  of  epithelium 
(splanchnic  and  somatic)  united  at  the  upper  and  lower  ends 
of  the  plate,  and  on  the  inner  of  the  two  lies  the  more 
developed  mass  of  muscles  before  spoken  ot'(mp'). 

Each  of  these  plates  now  grows  both  upwards  and  down- 
wards; and  at  the  same  time  connective- tissue  cells  appear 
between  the  plates  and  epidermis;  but  from  where  they 
come  I  do  not  know  for  certain;  very  probably  they  are 
derived  from  the  somatic  layer  of  the  muscle-plate. 

While  the  muscle- plates  continue  to  grow  both  upwards  and 
downwards,  the  cells  of  which  they  are  composed  commence 
to  become  elongated  and  soon  acquire  au  unmistakably 
muscular  character  (PI.  XV,  fig,  13,  m  p). 

Before  this  has  occurred  the  inner  mass  of  muscles  has  also 
undergone  further  development  and  become  a  large  and 
conspicuous  band  of  muscles  close  to  the  notochord  (fig. 
IS,  mp'). 

At  the  same  time  that  the  muscle-plates  acquire  the  true 
histological  character  oi'  muscle,  septa  of  connective  tissue 
grov  i"  «nd  divide  tl:ien\  iwto  sv  u\xas.bat  (j£  i" 
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menta,  which  eubsequeotly  form  separate  bands  of  muscle. 
I  will  not  say  more  in  reference  to  the  development  of  the 
muscular  system  than  that  the  whole  of  the  muacies  of  the 
body  (apart  from  the  limbs,  the  origin  of  whose  muscular 
system  I  have  not  yet  investigated)  are  derived  from  the 
muscle-plates  which  grow  upwards  above  the  neural  caiial  and 
downwards  to  the  veiilral  surface  of  the  body. 

During  the  time  the  rauacle-plates  have  been  undergoing 
these  changes  the  nerve  masses  have  also  undergone  develop- 
mentEil  changes. 

They  become  more  elougated  and  fibrous,  their  main 
attachment  to  the  neural  tube  being  still  at  its  posterior 
(dorsal)  surface,  near  which  they  first  appeared.  Later  they 
become  applied  closely  to  the  sides  of  the  neural  tube  and 
send  fibres  to  it  below  as  well  as  above.  Below  (ventral  to) 
the  neural  tube  a  ganglion  appears,  forming  only  a  slight 
swelling,  but  containing  a  uumber  of  characteristic  nerve- 
cells.  The  ganglion  is  apparently  formed  just  below  the 
junction  of  the  anterior  and  posterior  roots,  though  probably 
the  fibres  of  the  two  roots  do  not  mix  till  below  it. 

The  main  points  which  deserve  notice  in  the  development 
of  the  [irotovertebree  are — 

(1)  That  at  the  time  when  the  mesoblast  becomes  split 
herizou tally  into  somatopleure  and  splanchnopleure  the 
vertebral  and  lateral  plates  are  one,  aud  the  splitting  extends 
to  the  very  top  of  the  vertebral  plate,  so  that  the  future 
muscle-plates  ,re  divided  into  a  splanchnic  aud  somatic 
layer,  the  apacs  between  which  is  at  first  continuous  with 
the  pi  euro -peritoneal  cavity. 

(2)  That  the  following  parts  are  respectively  formed  by 
the  vertebral  and  lateral  plates  : 

(a)  Vertebral  plate.  From  the  splanchnic  layer  of  this,  or 
from  cells  which  appear  close  to  and  continuous  with  it,  the 
skeleton,  and  connective  tissue  of  the  upper  part  of  the  body, 
are  derived. 

The  remainder  of  the  plate,  consisting  of  a  splancfauic 
and  somatic  layer,  is  entirely  converted  into  the  muscles  of 
the  trunk,  all  of  which  are  derived  from  it. 

(6)  Between  the  vertebral  plate  aud  the  lateral  plate  is  a 
mass  of  cells  where,  as  I  mentioned  above,  the  mesoblast  of 
the  somatopleure  and  splanchnopleure  fuse  together.  This 
mass  of  cells  is  the  equivalent  of  the  intermediate  ceZ/mass 
of  Birds  {vide  Waldeyer,  'Eierstock  uud  Ei'). 

Prom  it  are  derived  the  Wolffian  bodies  and  duct,  the 
oviduct,  the  ovaries  and  the  testis,  and  the  connective  tissue 
of  the  parts  adjoining  these. 
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(c)  The  lateral  plate.  From  the  somatic  layer  of  tli 
derived  the  connective  tissue  of  the  ventral  half  of  the  b 
the  mesoblast  of  the  limbs,  including  probably  the  muscles, 
and  certainly  the  skelctoD.  Prom  its  splanchnic  layer  are 
derived  the  muscles  and  connective  tissue  of  the  alimentary 
canal. 

(3)  The  spinal  nerves  are  developed  independently  of  the 
protovertebrffi,  bo  that  the  p  rot  overt  ebra;  of  the  Elaamo- 
branchii  do  not  appear  to  be  of  such  a  complicated  structure 
as  the  protovertcbrBe  of  Birds. 

The  Digestive  Canal, 

I  do  not  intend  to  enter  into  the  whole  history  of  the 
digestive  canal,  but  to  confine  myself  to  one  or  two  points 
of  interest  connected  with  it.     These  fall  under  two  heads : 

(1)  The  history  of  the  portion  of  the  digestive  canal 
between  the  auua  and  the  end  of  the  tail  where  the  digestive 
canal  opens  into  the  neural  canal. 

(2)  Certain  less  well-known  organs  derived  from  the 
digestive  canal. 

The  anus  is  a  rather  late  formation,  but  its  position 
becomes  very  early  marked  out  by  the  hypoblast  of  the 
digestive  canal  approaching  at  that  point  close  to  the  surface, 
whilst  receding  to  some  little  distance  from  it  on  either  side. 
The  portion  of  the  digestive  tract  I  propose  at  present  dealing 
with  is  that  between  this  point,  which  1  will  callj  for  the  sake 
of  brevity,  the  anus,  and  the  hind  end  of  the  body.  Tbii 
portion  of  the  canal  is  at  first  very  short;  it  is  elliptical  in 
section,  and  of  rather  a  larger  bore  than  the  remainder  of 
the  canal.  Its  diameter  becomes,  however,  slightly  less  as  it 
approaches  the  tail,  dilating  again  somewhat  at  its  extreme 
end.  It  is  lined  by  a  markedly  columnar  epithelium. 
Though  at  first  very  short,  its  length  increases  with  the 
growth  of  the  tail,  but  at  the  same  time  its  calibre  con- 
tinually becomes  smaller  as  compared  with  the  remainder  of 
the  alimentary  canal. 

It  commences  to  become  smaller,  first  of  all,  near,  though 
not  quite,  at  its  extreme  hind  end,  and  thus  becomes  of  a 
conical  shape;  the  base  of  the  cone  being  just  behind  the 
anus,  while  the  ape.\  of  the  cone  is  situated  a  short  distance 
from  the  hind  end  of  the  embryo.  The  extreme  hind  end, 
however,  at  the  same  time  does  not  diminish  in  size,  and 
becomes  relatively  (if  not  also  absolutely)  much  larger  in 
diameter  than  it  was  at  first,  as  compared  with  the  remainder 
of  the  digestive  canal.     It   becomes,  in  fact,  a  vesicle  or 

sijiular  dilatation  at  tbe  end  of  a  conical  canal.  ^^^ 
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Juat  before  the  appearance  of  the  externa!  gills  this  part  of 
the  digestive  canal  commences  to  atrophy.  It  begins  to  do 
so  close  to  the  terminal  vesicle,  which,  howevefj  still  remains 
as  or  more  conspicuous  than  it  was  before.  The  lumen  of 
the  canal  becomes  smaller  and  smaller,  and  finally  it  becomes 
a  solid  string  of  cells,  and  these  also  soon  disappear  and  not 
a  trace  of  the  canal  is  left. 

Almost  the  whole  of  it  has  disappeared  before  the  vesicle 
begins  to  atrophy,  but  very  shortly  after  all  trace  of  the  rest 
of  the  canal  has  vanished  the  terminal  vesicle  also  vanishes. 
This  occurs  just  about  the  time  or  shortly  after  the  appear- 
ance of  the  external  gills — there  being  slight  differences 
probably  in  this  respect  in  the  different  species. 

In  this  history  there  are  two  points  of  especial  interest : 

(!)  The  terminal  vesicle. 

(2)  The  disappearance  of  a  large  and  well- developed  por- 
tion of  the  alimentary  canal. 

The  interest  in  the  terminal  vesicle  lies  in  the  possibility 
of  its  being  some  rudimentary  structure. 

In  Osseous  fishes  Kuppfer  has  described  the  very  early 
appearance  of  a  vesicle  near  the  tail  end,  wliich  he  doubtfully 
speaks  of  as  the  "  allantois."  The  figure  he  gives  of  it  iii 
his  earlier  paper  ('  Archiv.  fiir  Micro.  Anat,'  vol,  ii,  pi.  xxiv, 
fig.  2)  bears  a  very  strong  resemblance  to  my  iigurcs  of  this 
vesicle  at  the  time  when  the  hind  end  of  the  alimentary 
canal  is  commencing  to  disappear ;  and  I  feel  fairly  confident 
that  it  is  the  same  structure  as  I  have  found  in  the  Dog-fish: 
but  until  the  relations  of  the  Kuppfer's  vesicle  to  the  ali- 
mentary canal  are  known,  any  comparison  between  it  and  the 
terminal  vesicle  in  the  Dog-fish  must  be  to  a  certain  extent 
guess-work. 

I  have,  however,  been  quite  unsuccessful  in  finding  any 
other  vesicular  structure  which  can  possibly  correspond  to 
the  so-called  allantoic  vesicle  of  Osseous  fish. 

The  disappearance  of  a  large  portion  of  the  alimentary 
canal  behind  the  anus  is  very  peculiar.  In  order,  however, 
to  understand  the  whole  difficulties  of  the  case  I  shall  be 
obliged  to  speak  of  tlje  relations  of  the  anus  of  the  Dog-fish 
to  the  anus  of  Rusconi  in  the  Lamprey,  &c. 

In  those  vertebrates  whose  alimentary  canal  is  formed  by 
an  involution,  the  anus  of  Rusconi  represents  the  opening  of 
this  involution,  and  therefore  the  point  where  the  alimentary 
canal  primitively  communicates  with  the  exterior.  When, 
however,  the  "  anus  of  Rusconi"  becomes  closed,  the  wall  of 
the  alimentary  canal  still  remains  at  that  point  in  close 
^jutapoaition  to  the  surface,  and  the  new  and  final  anus  ia 
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formed  at  or  close  tti  tliat  point.  In  the  Dog-fish,  although 
the  anus  ol'  Ruscouj  is  not  present,  still,  duriug  the  cloBiug 
of  the  alinientarj  canal,  the  point  which  would  correspond 
with  this  becomes  marked  out  by  the  alimentary  canal  there 
approaching  the  surface,  and  it  is  at  this  point  that  the 
involution  to  form  the  true  anus  subsequently  appears. 

The  auuB  in  the  Dog-fish  has  thus,  more  than  a  mere 
secondary  significance.  It  corresponds  with  the  point  of 
closing  of  the  primitive  iovoiuUon.  If  it  was  not  for  this 
peculiarity  of  the  vertebrate  anus  we  would  naturally  sup- 
pose, from  the  disappearance  uf  a  considerable  portion  of  the 
alimentary  canal  lying  behind  its  present  termination,  tlui 
in  the  adult  the  alimentary  canal  once  extended  much 
farther  back  than  at  present,  and  that  the  anus  we  now  find 
was  only  a  secondary  anus,  and  not  the  primitive  one.  It  is 
perhaps  possible  that  this  hinder  portion  of  the  alimentary 
canal  is  a  result  of  the  combined  growth  of  the  tail  and  the 
persisting  continuity  (at  the  end  of  the  body)  of  the  epi- 
blast  with  the  hypoblast. 

Whichever  view  is  correct,  it  may  be  well  to  mention,  in 
order  to  show  that  the  difficulty  about  the  anus  of  Ruscoui 
is  no  mere  visionary  one,  that  Gotte  {"  Untersuchung  Uber 
die  Entwickelung  der  Bombinator  igneua,"  '  Archiv.  fur 
Micro.  Anat.,'  vol.  v,  1869)  has  also  described  the  disappear- 
ance of  the  hind  portion  of  the  alimentary  canal  iu  Batru- 
cbians,  a  rudiment  (according  to  him)  remaining  in  the  shape 
of  a  lymphatic  trunk. 

It  is,  perhaps,  possible  that  we  have  a  further  remnant  of 
this  "hind  portion"  of  the  alimentary  canal  amongst  the 
higher  vertebrates  in  the  "  allantois." 

Organs  developed  from  the  Digestive  Canal. 

In  reference  to  the  development  of  the  liver,  pancreas,  &c., 
as  far  as  my  observations  have  at  present  gone,  the  Dog-fisb 
presents  no  features  of  peculiar  interest.  The  liver  is  de- 
veloped as  in  the  Bird,  and  independently  of  the  yolk. 

There  are,  however,  two  organs  derived  from  the  hypoblast 
which  deserve  more  attention.  Immediately  under  the  noto- 
chord,  and  in  contact  with  it  [vide  PI.  XIV,  fig.  10;  XV,  11 
and  12,  x),  a  small  roundish  (in  section)  mass  of  cells  is  to 
be  seen  in  most  of  the  sections. 

Its   mode  of  development  is  shown  in  fig.  10,  x.     That 

section  shows  a  mass  of  cells  becoming  pinched  off  from  the 

top  of  the  alimentary  canal.     By  this  process  of  pinching  off 

from  the  alimentary  canal  a  small  rod-like  body  close  under 

^^e notochord  is  formed.    It  ^eTmtet\\V  ^^ct  tl\e  a^^eara^^^ 
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of  the  external  gills,  but  later  than  tliut  I  have  Lot  hitherto 
succeeded  in  finding  any  trace  of  it. 

It  was  first  seen  by  Gotte  {ioc,  cit.)  in  the  Batrachians, 
and  he  gave  a  correct  account  of  its  development,  and  added 
that  it  became  the  thoracic  duct. 

I  have  not  myself  worked  out  the  later  stages  in  the  de- 
velopment of  this  body  with  sufficient  care  to  be  in  a  posi- 
tion to  judge  of  the  correctness  of  Gotte'a  statements  as  to 
its  final  fate.  If  it  is  true  that  it  becomes  the  thoracic  duct 
it  is  very  remarkable,  and  ought  to  throw  some  light  upon 
the  homologies  of  the  lymphatic  system. 

Some  time  before  the  appearance  of  the  external  gills 
another  mass  of  cells  becomes,  I  believe,  constricted  off  from 
the  part  of  the  alimentary  canal  in  the  neighbourhood  of  the 
anus,  and  forms  a  solid  rod  composed  at  first  of  dark 
granular  cells  lying  between  the  Wolffian  ducts.  I  have 
not  followed  out  its  development  quite  completely,  but  I 
have  very  little  doubt  that  it  is  really  constricted  off  from  a 
portion  of  the  alimentary  canal  chiefly  in  front  of  the  point 
where  the  anus  appears,  but  also,  I  believe,  from  a.  small 
portion  behind  this. 

Though  the  cells  of  which  it  is  composed  are  at  first 
columnar  and  granular  (fig.  12,  s  u,  r),  they  soon  begin  to 
become  altered,  and  in  the  latter  stage  of  its  development 
the  body  forms  a  conspicuous  rounded  mass  of  cells  with  clear 
protoplasm,  and  each  provided  with  a  large  nucleua.  Later 
still  it  becomes  divided  into  a  number  of  separate  areas  of 
cells  by  septa  of  connective  tissue,  in  which  (the  septa)  capil- 
laries are  also  present.  Since  I  have  not  followed  it  to  its 
condition  in  the  adult,  I  cannot  make  any  definite  statements 
as  to  the  fate  of  this  body ;  but  I  think  that  it  possibly 
becomes  the  so-called  supra-renal  organ,  which  in  the  Dog- 
fish forma  a  yellowish  elongated  body  lying  between  the  two 
kidneys. 

The  development  of  the  Wolffian  Duct  and  Body  and  of  the 
Oviduct. 

The  development  of  the  Wolffian  duct  and  the  Oviduct  in 
the  various  classes  of  vertebrates  is  at  present  involved  in 
some  obscurity,  owing  to  the  very  different  accounts  given 
by  different  observers. 

The  manner  of  development  of  these  parts  in  the  Dog-fish 
is  different  from  anything  that  previous  investigators  have 
met  with  in  other  classes,  but  I  believe  that  it  gives  a  clearer 
insight  into  the  true  constitution  of  these  parts  than 
vertebrate  embryology  has  hitherto  supplied,  and  at  the  same 
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time  renders  easier  the  task  of  understanding  the  differences 
in  the  modes  of  development  in  the  different  classes. 

I  shall  commence  with  a  simple  description  of  the  observed 
facts,  and  then  give  my  view  as  to  their  meaning.  At  about 
the  time  of  the  appearance  of  the  third  visceral  cleft,  and  a 
sfaoit  way  behind  the  point  up  to  which  the  alimentary  canal 
IB  closed  in  front,  the  splanchnoplenre  and  somatopleure 
fuse  together  opposite  the  level  of  the  dorsal  aorta. 

From  the  mass  of  cells  formed  by  this  fusion  a  solid  knob 
rises  up  towards  the  epiblast  {PI.  XV,  fig.  11  6,  o  r),  and  from 
this  knob  a  solid  rod  of  cells  grows  backwards  towards  the 
tail  {fig.  11  c,  0  v]  very  closely  applied  to  the  epiblast.  This 
description  will  be  rendered  clear  by  referring  to  figs.  11  b 
and  c.  Pig.  11  6  is  a  section  at  the  level  of  the  knob,  and 
fig.  11  c  is  a  section  of  the  same  embryo  a  short  way  behind 
this  point.  So  closely  does  the  rod  of  cells  apply  itself  to 
the  epiblast  that  it  might  very  easily  be  supposed  to  be 
derived  from  it.  Such,  indeed,  was  at  first  my  view  till  I  cat 
a  section  passing  through  the  knob.  In  order,  however,  to 
avoid  all  possibility  of  mistake  1  made  sections  of  a  large 
number  of  embryos  of  about  the  age  at  which  this  appears, 
and  invariably  found  the  large  knob  in  front,  and  from  it  the 
solid  string  growing  backwards. 

This  string  is  the  commencement  of  the  Oviduct  or  Mullet's 
duct,  which  in  the  Dog-fish  as  in  the  Batrachiana  is  the  first 
portion  of  the  genito-urinary  system  to  appear,  and  is  in  the 
Dc^'fish  undoubtedly  at  first  solid.  All  my  specimens  have 
been  hardened  with  osmic  acid,  and  with  specimens  hardened 
with  this  reagent  it  is  quite  easy  to  detect  even  the  very 
smallest  hole  in  a  mass  of  cells. 

As  a  solid  string  or  rod  of  cells  the  Oviduct  remains  for 
some  time ;  it  grows,  indeed,  rapidly  in  length,  the  extreme 
hind  length  of  the  rod  being  very  small  and  the  front  end 
continuing  to  remain  attached  to  the  knob.  The  knob,  how- 
ever, travels  inwards  and  approaches  nearer  and  nearer  to  the 
true  pleuro-peritoneal  cavity,  always  remaining  attached  to 
the  intermediate  cell  mass. 

At  about  the  time  when  five  visceral  clefts  are  present  the 
Oviduct  first  begins  to  get  a  lumen  and  to  open  at  its  front 
end  into  the  pleuro-peritoneal  cavity.  The  cells  of  the  rod 
are  first  of  all  arranged  in  an  irregular  manner,  but  gradu- 
ally become  columnar  and  acquire  a  radiating  arrangement 
around  a  central  point.  At  this  point,  where  the  ends  of  all 
the  cells  meet,  a  very  small  hole  appears,  which  gradually 
grows  larger  and  becomes  the  cavity  of  the  duct  (fig.  12,  a  v). 
The  hole  first  makes  its  ttip9ea.ia.Q.iie  M,  \.Vft  wAiKlor  end  of  u^ 
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ductj  and  then  gradually  extends  backwards,  so  that  the  hind 
end  is  still  without  a  lumen,  when  the  lumen  of  the  front 
end  is  of  a  considerable  size. 

At  the  front  knob  the  same  alteration  in  the  cells  takes 
place  as  in  the  rest  of  the  duct,  but  the  cells  become  deficient 
on  the  side  adjoining  the  pie uro- peritoneal  cavity,  ao  that  an 
opening  is  formed  into  the  pleuro-peritoneal  cavity,  which 
aoon  becomes  of  a  considerable  size.  Soon  after  its  first 
formation,  indeed,  the  opening  becomes  so  large  that  it  may 
be  met  in  from  two  to  three  consecutive  sections  if  these  are 
very  thin. 

Thus  is  formed  the  lumen  of  the  Oviduct.  The  dact  etill, 
at  this  age,  ends  behind  without  having  become  attached  to 
the  cloaca,  so  that  at  this  time  the  Oviduct  is  a  canal  closed 
behind,  but  communicating  in  front  by  a  large  opening  with 
the  pleuro-peritoneal  cavity. 

It  has  during  this  time  been  travelling  downwards,  and  is 
now  much  nearer  the  pleuro-peritoneal  cavity  than  the 
epiblast. 

It  may  be  well  to  point  out  that  the  mode  of  development 
which  I  have  described  is  really  not  very  different  from  an 
involution,  and  must,  in  fact,  be  only  looked  upon  as  a 
modification  of  an  involution.  Many  examples  from  all 
classes  in  the  animal  kingdom  could  be  selected  to  exemplify 
how  an  involution  may  become  simply  a  solid  thickening. 
In  the  Osseous  fish  nearly  all  the  organs  which  are  usually 
formed  by  an  involution  have  undergone  this  change  in  their 
mode  of  development.  I  shall  attempt  to  give  reasons  later 
on  for  the  solid  form  having  been  acquired  in  this  particular 
case  of  the  Oviduct. 

At  about  the  time  when  a  lumen  appears  in  the  Oviduct 
the  first  traces  of  the  WolfiSan  duct  become  visible. 

At  intervals  along  the  whole  length,  between  the  front 
and  hind  ends  of  the  Oviduct,  involutions  arise  from  the 
pleuro-peritoneal  cavity  (fig.  12,  a,p,  w  d)  on  the  inside  (nearer 
the  middle  line)  of  the  Oviduct.  The  upper  ends  of  these 
numerous  involutions  unite  together  and  form  a  string  of 
cells,  at  first  soUd,  but  very  soon  acquiring  a  lumen,  and 
becoming  a  duct  which  communicates  (as  it  clearly  must 
from  its  mode  of  formation),  at  numerous  points  with  the 
pleuro-peritoneal  cavity.  It  is  very  probable  that  there  is 
one  involution  to  each  segment  of  the  body  between  the  front 
and  hind  ends  of  the  Oviduct.  This  duct  is  the  Wolffian  duct. 
which  thus,  together  with  the  Oviduct,  is  formed  before  the 
appearance  of  the  external  gills. 
■     For  a  considerable  period  the  front  end  o^  \\\«  Civv^ti't. 
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does  uot  undergo  important  chaugcs;  the  liiud  end,  howe^^" 
comes  iuto  couuectiou  witli  ttie  extreme  end  of  the  all- 
meutary  canal.  The  two  Oviducts  do  not  open  together  into 
the  cloaca,  though,  as  my  Bectiona  prove,  their  openings 
are  very  close  together.  The  whole  Oviduct,  as  might  be 
expected,  shares  in  the  general  growth,  and  its  lumen  be- 
comes iu  both  sexes  very  considerably  greater  than  it  was 
before. 

It  is  difficult  to  define  the  period  at  which  I  find  these 
changes  accomplished  without  giving  drawings  of  the  whole 
embryo.  The  stage  is  one  considerably  after  the  external 
gills  have  appeared,  but  before  the  period  at  which  the 
growth  of  the  olfactory  bulbs  renders  the  head  of  an  elongated 
shape. 

During  the  same  period  the  Wolffian  duct  has  undergone 
most  important  changes.  It  has  commenced  to  bud  off 
diverticula,  which  sub^quently  become  the  tubules  of  the 
Wolffian  body  {vide  fig.  13,  w  d).  I  am  fairly  satisfied  that 
the  tubules  are  really  budded  ofl',  and  are  not  formed  inde- 
pendently in  the  mesoblast.  The  Dog-fish  agrees  so  far  with 
Birds,  where  I  have  also  no  doubt  the  tubules  of  the  Wolffian 
body  are  formed  as  diverticula  from  the  Wolffian  duct. 

The  Wolffian  ducts  have  also  become  much  longer  thsn 
the  Oviduct,  and  are  now  found  behind  the  anus,  thougb 
they  do  not  extend  as  far  forward  as  does  the  Ovidtiet. 

They  have  further  acquired  a  communication  with  the 
Oviduct,  in  the  form  of  a  narrow  duct  passing  from  each  oC 
them  into  an  Oviduct  a  short  way  before  the  latter  opens 
into  the  cloacal  dilatation  of  the  alimentary  canal. 

The  canals  formed  by  the  primitive  involution  leading  from 
the  pleuro- peritoneal  cavity  into  the  Wolffian  duct  have 
become  much  more  elongated,  and  at  the  same  time 
narrower.     One  of  these  is  shown  in  fig.  13,  p,  ic  d. 

Any  doubt  which  could  possibly  be  entertained  as  to  the 
true  character  of  the  ducts  whose  development  I  have  de- 
scribed is  entirely  removed  by  the  development  of  the 
tubules  of  the  Wolffian  body.  In  the  still  later  stage  than 
this  further  proofs  are  furnished  involving  the  function  of 
the  Oviduct,  At  the  period  when  the  olfactory  lobes  have 
become  so  developed  as  to  render  the  head  of  the  typical 
elongated  shape  of  the  adult,  I  find  that  the  males  and 
females  can  be  distinguished  by  the  presence  in  the  former 
of  the  clasping  appendages.'  I  find  at  this  stage  that  in  the 
female  the  front  ends  of  the  Oviducts  have  approached  the 

'  for  the  apecimem  of  this  age  I  am  Ludebted  to  Professor  Huxl 
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middle  line,  dilated  considerably,  and  commenced  to  exhibit 
at  their  front  ends  the  peculiarities  of  the  adult.  In  the 
male  they  are  much  less  conspicuoua,  though  still  present. 

At  the  same  time  the  tubules  of  the  Wolffiau  body 
become  much  more  numerous,  the  Malpighiau  tufts  appear, 
and  the  ducts  cease  almost,  if  not  entirely,  to  communicate 
with  the  pleuro- peritoneal  cavity.  I  have  not  made  out 
anything  very  definitely  as  to  the  development  of  the  Mal- 
pighiau tufts,  but  I  am  inclined  to  believe  that  they  arise 
independently  in  the  meaoblast  of  the  intermediate  cell  mass. 

The  facts  which  I  have  made  out  in  reference  to  the  deve- 
lopment of  the  Wolffian  duct,  especially  of  its  arising  as  a 
series  of  involutions  from  the  pleuro- peritoneal  cavity,  will  be 
foutid,  I  believe,  of  the  greatest  importance  in  understanding 
the  true  constitution  of  the  Wolffian  body.  To  this  I  will 
return  directly,  but  I  first  wish  to  clear  the  ground  by 
insisting  upon  one  preliminary  point. 

Prom  their  development  the  Oviduct  and  Wolffian  body  ap- 
pear to  stand  to  each  other  in  the  relation  of  the  Wolffian  duct 
being  the  equivalent  to  a  series,  so  to  speak,  of  Oviducts. 

I  pointed  out  before  that  the  mode  of  development  of  the 
Oviduct  could  only  be  considered  as  a  modification  of  a  simple 
involution  from  the  pleuro- peritoneal  cavity.  Its  develop- 
ment, both  in  the  Birds  and  in  the  Batrachians  as  an  involu- 
tion, still  more  conclusively  proves  the  truth  of  this  view. 

The  explanation  of  its  first  appearing  as  a  solid  rod  of 
cells  which  keeps  close  to  the  epiblast  is,  I  am  inclined  to 
think,  the  following.  Since  the  Oviduct  had  to  grow  a  long 
way  backwards  from  its  primitive  point  of  involution,  it  was 
clearly  advantageous  for  it  not  to  bore  Its  way  through  the 
mesoblast  of  the  intermediate  cell  mass,  but  to  pass  between  this 
and  the  epiblast.  This  modification  having  been  adopted,  was 
followed  by  the  knob  forming  the  origin  of  the  duct  coming  to 
be  placed  at  the  outside  of  the  intermediate  cell  mass  rather 
than  close  to  the  pi  euro- peritoneal  cavity,  a  change  which 
necessitated  the  mode  of  development  by  an  involution  being 
dropped  and  the  solid  mode  of  development  substituted  for 
it,  a  lumen  being  only  subsequently  acquired. 

In  support  of  the  modification  in  the  development  being 
due  to  this  cause  is  the  fact  that  in  Birds  the  modes  of 
development  of  the  Wolffian  duct  and  the  Oviduct  are  in- 
verted. The  Wolffian  duct  there  arises  differently  from  its 
mode  of  development  in  all  the  lower  vertebrates  as  a  solid 
rod  close  to  the  epiblast.' 

If  the  above  explanation  about  the  Oviduct  be  correct, 
_    >  ir  Rumili's  obscrTntions  ('Archives  fiir  Mikr,  Auvtoin.,' voL  i 
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tbeu  it  is  clear  tbat  similar  causes  have  produced  a  similar 
modification  iu  development  (only  with  a  different  organ) 
in  Birds;  while,  at  the  same  time,  the  primitive  mode  of 
origin  of  the  Oviduct  (Miiller's  duct)  has  been  retained  by 
them. 

The  Oviduct,  tlien,  may  be  considered  as  arising  by  an 
involution  from  the  pleuro-peritoneal  cavity. 

The  Wolffian  duct  arises  by  a  series  of  such  involutions, 
all  of  which  are  behind  (nearer  the  tail)  the  involution  to 
form  the  Oviduct. 

The  natural  interpretation  of  these  facts  is  that  in  the  place 
of  the  Oviduct  and  Wolffian  body  there  were  primitively  a 
series  of  similar  bodies  (probably  corresponding  in  number 
with  the  vertebral  segments),  each  arising  by  an  involution 
from  the  pleuro-peritoneal  cavity ;  and  that  the  first  of  these 
subsequently  became  modified  to  carry  eggs,  while  the  rest 
coalesced  to  form  the  Wolffian  duct. 

If  we  admit  that  the  Wolffian  duct  ia  formed  by  the 
coalescence  of  a  series  of  similar  organs,  we  shall  only  have 
to  extend  the  suggestion  of  Gegenbaur  as  to  the  homology 
of  the  WolfBan  body  in  order  to  see  its  true  nature.  Gegen- 
baur looks  upon  the  whole  urino-geuital  system  as  homo- 
logous with  a  pair  of  segmental  organs.  Accepting  its 
homology  with  the  segmental  organs,  its  development  in 
Elasmobranchii  proves  that  it  is  not  one  pair,  but  a  series  of 
pairs  of  segmental  organs  with  which  the  urino-genital  system 
ia  homologous.  The  first  of  these  have  become  modified  so 
as  to  form  the  Oviducts,  and  the  remainder  have  coalesced  to 
form  the  Wolffian  ducts. 

The  part  of  a  segmental  organ  which  opens  to  the  exterior 
appears  to  be  lost  in  the  case  of  all  but  the  last  one,  where 
this  part  is  still  retained,  and  serves  as  the  external  opening 
for  all. 

Whether  the  external  opening  of  the  first  segmental  organ 
(Oviduct)  is  retained  or  not  is  doubtful.  Supposing  it  has 
been  lost,  we  must  look  upon  the  external  opening  for  the 
Wolffian  body  as  serving  also  for  the  Oviduct,  In  the  case  of 
all  other  vertebrates  whose  development  has  been  investi- 
gated (but  the  Elasmobranchii),  the  Wolffian  duct  arises  by 
a  single  involution,  or,  what  is  equivalent  to  it,  the  other 
involutions  having  disappeared.  This  even  appears  to  be 
the  case  in  the  Marsipobranchii.  In  the  adult  Lamprey 
the  Wolffian  duct  terminates  at  its  anterior  end  by  a  large 
800)  are  correct,  then  the  ordmarj  view  of  the  Wolffiau  duct  ariaicg  in 
Birds  as  a  solid  rod  at  the  ontet  corner  of  the  proCovertebrEB  will  have  to 
be  abandoned. 
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ciliated  opening  into  the  pleuro-peritoneal  cavity.  It  wUl) 
perhaps,  be  found,  when  the  development  of  the  Marsipo- 
branchii  is  more  carefully  studied,  that  there  are  primitively 
a  number  of  such  openings.'  The  Oviduct,  when  present, 
arises  in  other  vertebrates  as  a  single  involution,  strongly 
supporting  the  view  that  its  mode  of  formation  in  the 
Dog-fish  is  fundamentally  merely  an  involution. 

The  duct  of  the  testes  is,  I  have  little  douht,  derived  from 
the  anterior  part  of  the  Wolffian  body ;  if  so,  it  must  be 
looked  upon  as  not  precisely  equivalent  to  the  Oviduct,  hut 
rather  to  a  aeries  of  coalesced  organs,  each  equivalent  to 
the  Oviduct.  The  Oviduct  is  in  the  Elasmobranchii,  as 
in  other  vertebrates,  primitively  developed  in  both  aesea. 
In  the  male,  however,  it  atrophies.  I  found  it  still  visible 
in  the  male  Torpedos,  thougli  much  smaller  than  in  the 
females  near  the  close  of  intra-uterine  life. 

Whether  or  not  these  theoretical  considerations  as  to  the 
nature  of  the  Wolffian  body  and  oviduct  are  correct,  I  beheve 
that  the  facts  I  have  brought  to  light  in  reference  to  the  de- 
velopment of  these  parts  in  the  Dog-fish  will  be  found  of 
service  to  every  one  who  ia  anxious  to  discover  the  true 
relations  of  these  parts. 

Before  leaving  the  subject  I  will  say  one  or  two  words 
about  the  development  of  the  Ovary.  In  both  seses  the 
germinal  epithelium  (fig.  13)  becomes  thickened  below  the 
Oviduct,  and  in  both  sexes  a  knob  (in  section  but  really  a 
ridge)  comes  to  project  into  the  pi  euro- peritoneal  cavity  on 
each  side  of  the  mesentery  (fig.  13,  p,  ov).  In  both  sexes, 
but  especially  the  females,  the  epithelium  on  the  upper 
surface  of  this  ridge  becomes  very  much  thickened,  whilst 
subsequently  it  elsewhere  atrophies.  In  the  females,  how- 
ever, the  thickened  epithelium  on  the  knob  grows  more  and 
more  conspicuous,  and  develops  a  number  of  especially  large 
celli  with  large  nuclei,  precisely  similar  to  "WaJdeyer^s  (loc. 
cit.)  "  primitive  ova  "  of  the  Bird.  In  the  male  the  epithe- 
lium on  the  ridge,  though  containing  primitive  Ova,  is  not  as 
conspicuous  as  in  the  female.  Though  I  have  not  worked 
out  the  matter  further  than  this  at  present,  I  still  have  no 
doubt  that  these  projecting  ridges  become  the  Ovaries. 

'  While  correcting  t.he  proofs  of  this  paper  I  have  » 

of  W,  Miiller  ('  Obet  die  Persistenz  der  Uruiere  bei  Mjsine  Glutinoaa,' 
'  Jenniscbe  Zeitscbrift,'  vol.  rii,  1873),  in  which  he  mentions  tliat  in  Mjiine 
the  u]>per  end  of  the  WalfEsiH  duct  conimuuicatea  b;  numerous  openin 
with  the  pleuro-peritoneal  cavit;;  this  gties  to  the  auggcBtion  ia  t: 
text  a  foundation  of  fact. 
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The  study  of  the  development  of  the  parts  of  the  head,  on 
account  of  the  crowding  of  organs  which  occurs  there,  always 
presents  greater  difficulties  to  the  investigator  than  that  of  the 
remainder  of  the  body.  My  observations  upon  it  are  cor- 
respondingly incomplete.  I  have,  however,  made  out  a  few 
points  connected  with  it  in  reference  to  some  less  well-known 
organs,  which  I  have  thought  it  worth  while  calling  attention 
to  in  this  preliminary  account. 

The  continuation  of  the  Pleuro-periioneal  Cavity  into  the 
Head. 

In  the  earlier  part  of  this  paper  (p.  346)  I  called  attention 
to  the  extension  of  the  separation  between  somatopleure  and 
splanchnoplcure  into  the  head,  forming  a  space  continuous 
with  the  pleuro-peritoneal  cavity  (PI. XIV,  Gg.8a,p  p')i  this 
becomes  more  marked  in  the  next  stage,  and,  indeed,  the 
pleuro-peritoneal  cavity  is  present  for  a  considerable  time  iu 
the  head  before  it  becomes  visible  elsewhere.  At  the  time 
of  the  appearance  of  the  second  visceral  cleft  it  has  become 
for  the  most  part  atrophied,  but  there  persist  two  separated 
portions  of  it  in  front  of  the  first  cleft,  and  also  remuants 
of  it  less  well  marked  between  and  behind  the  two  clefts. 
The  visceral  clefts  necessarily  divide  it  into  separate  parts. 

The  two  portions  in  front  of  the  first  visceral  cleft  remain 
very  conspicuous  till  the  appearance  of  the  external  gills, 
and  above  the  hinder  one  of  the  two  the  fifth  nerve  bifur- 
cates. 

These  two  are  shown  as  they  appear  in  a  surface  view  in 
fig.  li,pp'.  They  are  in  reality  somewhat  flattened  spaces, 
lined  by  a  mesoblastic  epithelium,  the  epithelium  on  the 
inner  surface  of  the  space  corresponding  to  the  splanchno- 
plenre,  and  that  on  the  outer  to  the  somatopleure. 

I  have  not  followed  the  history  of  these  later  than  the  time 
of  the  appearance  of  the  external  gills. 

The  presence  of  the  pleuro-peritoneal  cavity  in  the  head 
is  interesting,  as  showing  the  fundamental  similarity  between 
the  head  and  the  remainder  of  the  body.  ^^H 

The  Pituitary  Body.  ^H 

All  my  sections  seem  to  prove  that  it  is  a  portion  of  the 
epiblastic  involution  to  form  the  mouth  which  is  pinched  off 
to  form  the  pituitary  body,  and  not  a  portion  of  the  hypo- 
Wast  of  the  throat.     Since  GoVte  tj  kicVxN ,  fci  M.\m.  Aoi^^h 
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Bd.  ix)  has  also  found  that  the  same  is  the  case  with  the 
BatrachiaDS  and  Mammaliaj  I  have  little  doubt  it  will  be 
found  to  be  universally  the  case  amongst  vertebrates. 

Probably  the  observations  which  lead  to  the  supposition 
that  it  was  the  throat  which  was  pinched  off  to  form  the 
pituitary  body  were  made  after  the  opening  between  the 
mouth  and  tbruat  was  completed,  when  it  would  naturally 
be  impossible  to  tell  whether  the  pinching  off  was  from  the 
epiblast  of  the  mouth  involution  or  the  hypoblast  of  the 
throat. 

The  Cranial  Nerves. 

The  cranial  nerves  in  their  early  condition  are  so  clearly 
visible  that  I  have  thought  it  worth  while  giving  a  figure  of 
them,  and  calling  attention  to  some  points  about  their  em- 
bryonic peculiarities. 

From  my  figure  (14)  it  will  be  seen  that  there  is  behind 
the  auditory  vesicle  a  nervous  tract,  from  which  four  nerves 
descend,  and  that  each  of  these  nerves  is  distributed  to  the 
front  portion  of  a  visceral  arch.  When  the  next  and  last  arch 
(in  this  species)  is  developed,  a  branch  from  this  nervous 
mass  will  also  pass  down  to  it.  That  each  of  these  is  of  au 
equal  morphological  value  can  hardly  be  doubted. 

The  nerve  to  the  third  arch  becomes  the  glosso-pharyngeal 
(fig.  14,  If  I),  the  nerves  to  the  other  arches  become  the 
branchial  branches  of  the  vagus  nerve  {fig.  14,  vg).  Thus  the 
study  of  their  development  strongly  supports  Gegenbaur's 
view  of  the  nature  of  the  vagus  and  glosso-pharyngeal,  viz. 
that  the  vagus  is  a  compound  nerve,  each  component  part  of 
it  which  goes  to  an  arch  being  equivalent  to  one  nerve,  such 
as  the  glosso-pharyngeal. 

Of  the  nerves  in  front  of  the  auditory  sac  the  posterior  is 
the  seventh  nerve  (fig.  14,  vii).  Its  mode  of  distribution  to 
the  second  arch  leaves  hardly  a  doubt  that  it  is  equivalent 
to  one  such  uerve  as  those  distributed  to  the  posterior  arches. 
Subsequently  it  acquires  another  branch,  passing  forwards 
towards  the  arch  iu  front. 

The  most  anterior  nerve  is  the  fifth  {fig,  14,  v),  of  which 
two  branches  are  at  this  stage  developed.  The  natural  inter- 
pretation of  its  present  condition  is,  that  it  is  equivalent  to 
two  nerves,  bnt  the  absence  of  relation  in  its  branches  to  any 
visceral  clefts  renders  it  more  difficult  to  determine  the  mor- 
phology of  the  fifth  nerve  than  of  the  other  nerves.  The 
front  branch  of  the  two  is  the  ophthalmic  branch  of  the 
adult,  and  the  hind  branch  the  inferior  maxillary  branch. 
— 'A'Ue  latter   braueli   subsequently  gives  off  low   down,  i.e. 
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near   its   distal   extremity,   aaotber  branch,    the    superior 
maxillary  branch. 

In  ita  embryonic  conditioti  this  latter  branch  does  not 
appear  like  a  third  branch  of  the  fifthj  equivalent  to  the 
seventh  or  the  glosso- pharyngeal  nerves,  but  rather  resembles 
the  branch  of  the  seventh  uerve  which  passes  to  the  arch  in 
front,  which  also  is  present  in  all  the  other  cranial  nerves. 

Modes  of  Preparation. 

Before  concluding  I  irill  say  one  or  two  words  as  to  my 
modes  of  preparation. 

I  have  used  picric  and  chromic  acids,  both  applied  in  the 
usual  way  ;  but  for  the  early  stages  I  have  found  osmic  acid 
by  far  the  most  useful  reagent.  I  placed  the  object  to  be 
hardened,  in  osmic  acid  (half  per  cent.)  for  two  hours  and  a 
half,  and  then  for  twenty-four  hours  in  absolute  alcohol. 

I  then  embedded  and  cut  sections  of  it  in  the  usual  way, 
without  staining  further. 

I  found  it  advantageous  to  cut  sections  of  these  embryos 

immediately  after  hardening,  since  if  kept  for  long  in  the 

absolute  alcohol  the  osmic  acid  specimens  are  apt  to  become 

brittle.  ^H 
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OflsERVATioNs  on  the  Dkvelopment  of  the  Pond-bnail 
(LymtKBUs  stagnalts),  and  on  the  Early  Stages  of  other 
MoLLuacA,  By  E,  Kay  Lankester,  M.A.,  Fellow  and 
Lecturer  of  Exeter  College,  Oxford.  (With  Plates  XVI 
and  XVII.) 

K  %  1. — Some  of  thb  Developmental  Phenomena  of 

^L  MOLLTTBGA. 

P*¥our  years  since,  I  determined  to  make  a  study  of  the  de- 
i'Blopinental  phenomena  of  a  series  of  Mollusca,  with  the 
view  of  ascertaining  from  the  minute  comparison  of  a  numher 
of  cases  what  phenomena  might  be  common  to  the  group,  or 
be  considered  as  indicating  ancestral  conditions  inherited  from 
common  ancestors. 

The  success  which  had  attended  Fritz  Miiller's  investiga- 
tion of  the  Crustacea,  and  his  celebrated  "recapitulation 
hypothesis,"  according  to  which  we  have,  in  the  development 
of  every  individual  organism,  a  more  or  less  complete 
epitome  of  the  development  of  the  species,  ao  that  the  series 
of  changing  forms  passed  through  between  ovum  and  adult 
form  are  but  a  series  of  dissolving  views  or  portraits  (often 
very  much  marred)  of  its  line  of  ancestors — this,  I  say,  led 
me  to  hope  that  materials  might  be  found  in  the  develop- 
mental history  of  the  Mollusca  for  constructing  their  genea- 
logical tree.  During  the  past  fifteen  years  but  little  has 
been  done  in  the  study  of  the  embryology  of  the  Mollusca, 
and  it  was  therefore  to  be  expected  that  the  application  of 
improved  methods  of  investigation  and  new  hypotheses  would 
yield  valuable  results.  The  result  of  my  study  of  the  de- 
velopment of  the  Lamellibranch  Pisidium  and  of  the 
Gaateropods  Aplysia,  Neritina,  Tergipes  and  Polycera,  are 
now  in  course  of  publication  elsewhere. 

I  have  also,  during  this  spring,  completed  the  examina- 
tion of  the  development  of  the  Cephalopod  Loligo  from  an 
early  stage  of  the  ovarian  egg  up  to  the  escape  of  the  embryo 
from  the  egg-jelly,  which,  together  with  less  complete  ac- 
counts of  the  development  of  Octopus  and  Sepia,  I  hope  soon 
to  see  published.  Before  proceeding  to  give  here  an  account 
of  observations  on  LymntBus  which  I  carried  out  during 
July  in  the  laboratory  of  Exeter  College,  Oxford,  I  may 
briefly  summarise  the  chief  results  of  ray  previous  observa- 
tions, which  are  remarkably  confirmed  by  the  facts  to  be 
subsequently  related  in  regard  to  LymneeuB. 

Kowalevsky,  in  his  account  of  the  development  of  Ampki' 
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oxus  and  of  Phallusia,  pointed  out  that  the  inner  series  «■ 
cells  which  give  rise  to  the  alimentary  canal  in  those  animals 
take  up  their  position  as  the  result  of  an  invagination  of  pari 
of  the  wall  of  an  ori^nal  multicellular  sac.  I  found  the 
same  mode  of  origin  for  the  primitive  alimentary  canal  or 
endodenn  of  the  Lamellibranch  Pisidium,  of  the  Pulmonales 
Limax  and  Lymnaxis,  of  the  Nudibranchs  Tergipes  and 
Polycera.  This  led  me  to  compare  the  early  development 
of  members  of  other  groups  of  the  animal  kingdom,  the 
PlanultE'  of  Sponges  and  Ccelenterates,  the  frog's  embryo 
with  RuBconian  anus,  &c.,  and  I  was  thus  led  to  infer  that 
in  this  simple  double-walled  sac,  composed  of  ectoderm  and 
endoderm,  we  have  the  transitory  indication  of  a  primssval 
ancestor  of  all  the  higher  groups  of  the  animal  kingdom, 
whose  essential  structure  is  permanently  retained  in  the 
corals  and  polyps  (Coelenterata),  but  is  in  the  course  of 
development  improved  upon  by  the  evolution  of  a  body- 
cavity,  and  an  additional  third  or  intermediate  mass  of  em- 
bryonic cells,  giving  rise  to  muscular  and  vascular  structures 
in  worms,  molluscs,  arthropods,  star-fishes,  and  vertebrates. 
I  proposed  to  call  this  developmental  form  the  Planula,  its 
immediate  predecessor  (the  multicellular  sac)  a  Polyblast, 
and  indicated  three  large  divisions  of  the  animal  kingdom — 
Homoblastica,  Diploblastica,  and  Triploblastica — correspond- 
ing respectively  to  a  lower  stage  than  the  Planula,  to  the 
Planula  itself,  and  to  a  higher  development  of  the  essential 
Plannla-structure,' 

Almost  simultaneously  Professor  Haeckel,  of  Jena,  arrived 
at  similar  conclusions,  which  he  first  made  known  in  his 
'  Monograph  of  the  Calcareous  Sponges,'  and  subsequently 
developed  m  the  essay  entitled  "  The  Gas traea- Theory,"  which 
has  been  translated  by  Professor  Perceval  Wright  for  the 
April  and  July  numbers  of  this  Journal.  The  terms  Gastrula 
and  Gastraea,  introduced  by  Professor  Haeckel,  are  preferable 
to  the  term  Planula  which  I  had  adopted;  and  I  may 
further  lake  this  opportunity  of  admitting  to  some  exteut 
the  justice  of  his  criticisms  on  my  use  of  the  term  Triplo- 
blastica. It  appears  to  me  more  and  more  certain  that  (as 
be  has  definitely  pointed  out)  the  third  layer,  or  those  masses 
of  cells  which  in  the  embryos  of  Triploblastica  are  regarded 
as  belonging  to  such  a  layer,  are  phylogenetically  derived 
either  from  one  or  other  of  the  two  primitive  cell-layers,  and 
only  appear  by  suppression  of  the  historical  steps  of  de- 
velopment as  an  intermediate  and  independent  layer- 
Nevertheless,  the  fact  that  they  do  so  appear,  and  that  there 
'  '  AnnalB  and  Mag.  ^»Ji.  B.w\«t^,'  Jm-qb,,  1873. 
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I'  is  a  third  plane  of  development  really  brought  ttbout  by 
the  formation  of  a  body -cavity,  seems  to  justify  the  use  of 
the  terms  Diploblastica  and  Triploblaetica.  The  latter 
correBponda  essentially  with  Haeckel's  Metazoa.  With  re- 
gard to  the  difference  between  Professor  Haeckel  and  myself 
as  to  the  relation  of  the  body-cavity  and  the  water -vascular 
system,  I  must  at  present  maintain  the  view  expressed  in  my 
essay.  The  difference  is  not  so  great  as  Professor  Haeckel 
appears  to  believe.  I  do  not  accept  his  existing  groups  of 
accelomatous  worms  as  such,  for  in  the  Planarinns  and 
Cestods  there  appears  to  me  to  be  evidence  that  the  ramifi- 
cations of  the  water- vascular  stems  are  to  be  regarded  as 
corresponding  to  a  commencing  body-cavity.  The  terminal 
portions  of  those  stems,  which  open  to  the  exterior,  on  the 
other  hand,  are,  as  I  pointed  out  in  the  essay  referred  to,  to 
be  regarded  as  something  distinct — an  involution  of  the  epi- 
dermic layer  subsequently  developing  into  the  segmental 
organ.  It  does  not  by  any  means  follow  that  the  body- 
cavity  is  primitively  open  to  the  exterior,  a  view  which 
Professor  Haeckel  has  by  misapprehension  attributed  to  me. 
It  will  not,  however,  he  useful  to  discuss  this  matter  further 
without  reference  to  renewed  investigation  of  the  facts. 

A  second  and  third  phase  in  the  development  of  the  Mol- 
lusca,  which  have  long  been  known,  and  which  may  or  may 
not  make  their  appearance  in  any  particular  case,  are  (what 
may  be  called)  the  Trochosphere  and  Veliger  forms,  the 
former  an  early  condition  of  the  latter.  Both  are  well  known 
and  characteristic  of  various  groups  of  Worms  and  Echino- 
derms,  and  the  latter  is  seen  in  its  full  development  in  the 
adult  Rotifera  and  in  the  larval  Gasteropoda  and  Pteropoda. 
The  identity  of  the  velum  of  larval  Gasteropods  with  the 
ciliated  discs  of  Rotifera  seems  to  admit  of  little  doubt,  and 
it  would  be  well  to  have  one  term,  e.g,  velum,  by  which  to 
describe  both.  The  Trochosphere  is  the  earlier,  more  or  less 
spherical  form  in  which  the  velum  is  represented  by  an  an- 
nular ciliated  ridge,  and  which  is  sometimes  {e.  g.  Chiton) 
provided  with  a  polar  tuft  of  long  cilia. 

The  cell,  polyplast  (morula),  gastrula,  trochosphere,  and 
veliger  phases  of  molluscan  development  are  not  distinctive 
of  the  molluscan  pedigree;  they  belong  to  its  prse-molluscan 
history.  The  foot,  the  shell-gland,  and  the  odontophore  are 
organs  which  are  distinciively  molluscan — the  last  character- 
istic of  the  higher  MoUusca  only — the  other  two  of  the  whole 
group,  and  their  appearance  must  be  traced  to  ancestors 
within  the  proper  stem  of  the  moUuscau  family  tree.  The 
foot  is  essentially  a  greatly  deTelonedQower  ho. 
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With  regard  to  the  ahell-gland,  which  has  not  ii^^ 
present  moment  been  recognised  by  any  observers,  myetiidles 
have  yielded  most  interesting  results.  This  organ  appears 
to  have  a  very  wide  distribution  among  the  different  classes 
of  MolluBca,  and  to  be  present  even  in  the  most  remote 
members  of  Ihe  group — the  Polyzoa  and  Brachiopoda, 

I  do  not  pnjpo&e  hero  lo  ^ive  a  drtailei!  account  of  this 


"Piiarjn^      gs    (jasfrnla-Btcimarh   (now  hiloheil) 
VBginatioii  [icrininal  mtet,Tiue)      shi   bhell 


Diagram  of  nn  embryo  of  I'learobraKchidium.    f.  Foot,     ot.  Otocyst.     «. 

JUouth.    V.  Velum,    ng   Nerve- ganglion,    ry.  Keaidiukl  ;elk-sph«m. 

— p*b.  SiieU-gland.    i.  Intestine.  
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n.but  shall  refer  to  the  woodcuts  (figs.  1  and  2)  asillus- 
Iriiling  its  position  and  character  in  the  embryos  of  Pisidium 
and  of  Aplysia  {Pleurobranchidium)  respectively.  The 
gland  {shs)  under  certain  circumstances,  connected  with 
an  arrest  of  regular  development,  becomes  filled  with  a 
chitinouB  plug  in  the  case  of  the  Aplysia  embryo.  When 
at  Messina,  during  May  of  this  year,  I  found  that  Dr. 
Herman  Fol  had  discovered  the  same  shell-gland  in  embryo 
Pteropods,  and,  strangely  enough,  he  had  found  the  same 
plugging  with  a  chitinous  secretion  in  specimens  abnor- 
mally developed.  I  have  observed  the  same  "  shell-gland" 
in  an  early  stage  of  Nerilina,  and,  as  will  be  seen  below,  it 
has  a  very  well-marked  development,  accompanied  by  occa- 
sional plugging  with  a  chitinous  material,  in  LymncBus. 

The  position  of  the  gland  in  Pisidium,  and  its  relation  to 
the  pair  of  calcareous  valves  which  develop  on  either  side  of 
it,  suggests  that  it  may  in  the  Lamellibranchs  be  repre- 
sented iu  adult  life  by  the  ligament;  hut  this  connection  I 
have  not  been  able  to  demonstrate;  on  the  other  hand,  in 
Aplysia,  Neritina,  Lymnceus,  and  the  Pteropods,  it  certainly 
disappears — is,  in  fact,  an  evanescent  embryonic  structure. 

One  naturally  turns,  after  detecting  this  organ  in  Lamelli- 
branchs, Gasteropods,  and  Pteropods,  to  the  classes  which 
have  been  (I  think  a  little  invidiously)  separated  as  Melius- 
coida  from  the  other  Molluscs — I  mean  the  Brachiopoda  and 
the  Polyzoa — to  see  if  in  them  any  trace  of  the  shell-gland 
can  be  found.  I  do  not  know,  at  the  present  moment,  of  any 
such  organ  having  been  as  yet  observed  in  the  young  stages 
of  Polyzoa.  But  in  a  very  strange  form,  which  must  be 
classed  with  the  Polyzoa,  there  is  such  an  organ,  occupying 
exactly  the  required  position. 

Loxosoma  neapoliianum  was  described  first  by  Iteferstein, 
and  subsequently  by  Kowalewsky,  from  whose  memoir  the 
accompanying  woodcut  (fig.  4}  is  taken.  The  large  gland 
of  attachment  {shs)  appears  to  me  to  be  very  probably  the 
Itomogen  of  the  shell-gland.  Further,  in  the  Brachiopoda  we 
have  a  gland  developed  at  the  same  point  in  many  forms,  ap- 
pearing at  a  very  early  stage  in  Terebratula  and  TrebraiuUna, 
and  well  known  as  enabling  the  animal  to  fix  itself  by  means 
of  its  pedicle.  The  position  of  this  gland  corresponds  accurately 
with  that  of  the  shell-gland  in  the  embryo  Pisidium,  Aplysia, 
and  Lymnaus.  Hence  I  consider  that  we  have  evidence  for 
considering  this  organ  as  one  common  to  Polyzoa,  Brachio- 
poda, Lameilibranchia,  Gasteropoda,  and  Pteropoda. 

A  question  which  at  once  presented  itself  after  the  general 
presence  of  this  organ  had  been  ascettAiued  N'ia.a  vVx's. — ■'^i^fe. 
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it  corregpond  in  any  way  to  the  sac  in  whicli  the  internal 
Bhell  of  Iiunax,  and,  further,  t>iat   in  wliich  the  pen  of  the 
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Dibranchiate  Cephalopods,  is  developed  ?  These  two  heads  of 
the  question  must  be  kept  apart. 

We  know,  among  Aplysia  and  its  allies,  and,  further,  in 
Spirula,  of  external  sheila  which  have  become  internal,  or, 
we  should  better  aay,  enclosed,  by  the  overgrowth  of  the  sur- 
rounding folds  of  the  mantel.  That  is  apparently  the  indi- 
vidual history  of  the  concealed  shell  oi  Aplysia,  and  probably 
is  that  of  the  concealed  nautiloid  shell  of  i^irula  also ;  and, 
consequently,  it  may  be  inferred  that  such  is  also  the  genea- 
logical history  of  those  shells. 

But  the  development  of  Limaz,  &c.,  has  been  sufficiently 
studied  by  Gegenbaur  ('  Zeitschr.  f.  Wiss,  Zool.,'  Bd.  iiij, 
end  Schmidt  (' AichW  t,  K.-(\ft\s(OHsi  JJ 
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in  these  anitnala  the  sliell  is  from  tlie  first  formed  in  a  sac. 
lln  fact,  we  should  only  have  to  retain  Che  shell-glatid  of  the 
Allied  pulmoaate  Lymnaug,  in  adult  life,  in  order  to  produce 
precisely  the  required  internal  shell  of  Limax.  It  seems, 
therefore,  very  probable  that  the  shell  of  Limax  is  identical 
with  the  plug  of  the  shell-glatid,  which  has  so  wide  a  dia- 
tribution  among  the  embryos  of  Mollusca.  At  the  same  time 
further  knowledge  of  the  development  of  Limax  and  other 
Puhnouata,  is  necessary  for  a  satisfactory  conclusion  on  this 
jwint. 

The  further  question  as  to  the  identity  of  the  shell-gland 
and  its  plug  with  the  pen-sac  and  pen  of  the  dibranchiate 
Cephalopoda  is  of  very  great  importance  and  great  difficulty. 

Krofeasor  Gegenbaur,  in  his  '  Grundz.  der  vergleich.  Ana- 
mie,'  puts  forward  the  view  that  the  Cephalopoda,  on 
account  of  their  bilateral  symmetry  and  general  anatomical 
relations  with  the  other  Mollusca,  are  to  be  regarded  as  the 
^ast  specialised  group  of  the  whole  stock  ;  that  is,  as  more 
closely  retaining  the  characters  of  the  common  ancestors  of 
iexistiug  Mollusca  than  do  any  other  forms.     If  this  be  so, 

Ere  should  expect  to  find  a  representative  of  the  shell-gland 
a  the  organization  of  the  Cephalopoda,  and  our  attention  is 
immediately  directed  to  the  pen-sac  and  pen  of  the  Dibran- 
thiata.  If  the  shell-gland  and  pen-sac  are  identical  structures 
have  a  brilliant  confirmation  of  Gegenhaur's  view.  This 
flvas  one  of  the  chief  matters  to  which  I  directed  my  attention 
a  recent  study  of  the  development  of  Loligo,  Scpiota, 
ia,  and  Octopus.  I  was  anxious  to  determine  the  exact 
^inode  of  the  first  commencement  of  the  sac  in  which  the 
"  pen"  of  these  cuttle-fish  develops.  I  have  only  space  here 
to  state  that  it  makes  its  first  appearance  as  a  relatively  very 
ismall  circular  pit,  the  sides  of  which  close  in  above  so  as  to 
^irm  a  shut  sac,  which  enlarges  and  elongates  with  the  later 
wrowth  of  the  embryo.  In  fig.  3  is  given  a  drawing  of  a  sec- 
Son  of  a  very  young  embryo  (the  drawing  is  cut  off  so  as  to 
lOinit  the  yelk-sac  and  give  only  the  embryonic  portion  of  the 
specimen)  at  a  stage  when  the  pen-sac  is  still  open,  and 
'tis  lips  commencing  to  close  in.  Its  position  and  mode  of 
i.'development  exactly  agree  with  that  of  the  shell-gland  as 
en  in  the  other  moUuscan  embryos  figured  in  this  paper. 
,  n'e  are,  therefore,  fairly  entitled  to  conclude,  from  the  em- 
Ibryological  evidence,  that  the  pen-sac  of  Cephalopoda  is 
identical  with  the  shell-gland  of  other  Mollusca. 

But  here — forming  an  interesting  example  of  the  inter- 
action of  the  various  sources  of  evidence  in  genealogical 
biology — paleontology  crosses  the  path  of  embryology.      I 
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Deep-Uver  of  celik  (querr,  hypoblast)  aeparating  embryo  from  food- 
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development  of  the  shell-gland  would  have  to  be  accepted. 
But  the  consideratioQ  of  the  nature  of  the  shell  of  the 
Belemnites,  and  its  relation  to  the  pen  of  living  Cuttle-fish, 
brings  a  new  light  to  bear  on  the  matter.  Reserving  anything 
like  a  decided  opinion  as  to  the  (question  in  hand,  I  maj 
briefly  state  the  hypothesis  suggested  by  the  facts  ascertained 
as  to  the  BelemnitidEe.  The  complete  shell  of  a  Belemnite 
is  essentially  a  straightened  nautilus-shell  (therefore  an 
external  shell,  inherited  from  a  nautilus-like  ancestor), 
which,  like  the  nautiloid  shell  of  Spirula,  has  become  en- 
closed by  growths  of  the  mantle,  and,  unlike  the  shell  of 
Spiruia,  has  received  large  additions  of  calcareous  matter 
from  those  enclosing  overgrowths.  On  the  lower  surface  of 
the  enclosed  nautilus- shell  of  the  Belemnite — the  phragma- 
cone — a  series  of  layers  of  calcareous  matter  have  been  thrown 
down  forming  the  guard;  above,  the  shell  has  been  continued 
into  the  extensive  chamber  formed  by  the  folds  of  the  mantle 
so  as  to  form  the  flattened  peti-like  pro-ostracum  of  Huxley. 
Whether  in  the  Belemnites  the  folds  of  the  mantle  which 
thus  covered  in  and  added  to  the  original  chambered  shell 
were  completely  closed  so  as  to  form  a  sac  or  remained  paA 
tially  open  with  contiguous  flaps  must  be  doubtful.  la 
Spiruia  we  have  an  originally  external  shell  enclosed  but  aot 
added  to  by  the  enclosing  mantle-sac.  In  Spirulirosira.t 
tertiary  fossil,  we  have  a  shell  very  similar  to  that  of  Spirtdtl^ 
with  a  small  guard  of  laminated  structure  developed  as  iu 
the  Belemnite  (see  the  figures  in  Bronn, '  Classen  u.  Ordiim  , 
de$  Thierreicha').     in  xbe  Balemiiites  the  original  uauji] 
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"Shell  is  small  as  compared  with  ^irulirostra.  It  appears 
to  be  largest  in  Huxley's  genus  Xiphoteuthts.  Hence,  in  the 
series  i^trtUa,  SptruUrostra,  Kiphoteuthis,  Belemnites,  we 
have  evidence  of  the  enclosure  of  an  external  shell  by 
growths  from  the  inantie  (as  in  Aplysia),  of  the  addition  to 
that  shell  vl  calcareous  matter  from  the  walls  of  its  enclosing 
sac,  and  of  the  gradual  change  of  the  relative  proportions  of 
the  original  nucleus,  ^the  nautiloid  phragmacone,)  and  its 
superadded  pro-ostracal  and  rostra]  elements  tending  to  the 
disappearance  of  the  nucleus  (the  original  external  shell).  If 
this  view  be  correct  as  to  the  nature  of  these  shells,  it  is  clear 
that  the  shell-gland  and  its  plug  has  nothing  to  do  with  them. 
The  shell-gland  must  have  preceded  the  original  nautiloid 
shell,  and  must  be  looked  for  in  such  a  relation  whenever  the 
embryology  of  the  pearly  Nautilus  can  be  studied.  Now, 
everything  points  to  the  close  agreement  of  the  BelemnitidEe 
with  the  living  Dibranchiata.  The  booklets  on  the  arms, 
the  ink-bag,  the  horny  jaws,  and  general  form  of  the  body, 
leave  no  room  for  doubt  on  that  point;  it  is  more  than  pro- 
bable that  the  living  Dibranchiata  are  modified  descendants 
of  the  mesozuic  Beletimitidte.  If  this  be  so,  the  pens  of 
Loligo  and  Sepia  must  he  traced  to  the  more  complex  shell  of 
the  Belemnite.  This  is  not  difficult  if  we  suppose  the 
originally  external  shell,  the  phragmacone,  around  which  as 
a  nucleus  the  guard  and  pro-ostracum  were  developed,  to 
have  finally  disappeared.  The  enclosing  folds  of  the  mantle 
remain  as  a  sac  and  perform  their  part,  producing  the 
chitino- calcareous  pen  of  the  living  Dibranch,  in  which  parts 
can  be  recognised  as  corresponding  to  the  pro-ostracum,  and 
probably  also  to  the  guard,  of  the  Belemnite.  If  this  he  the 
case,  if  the  pen  of  Septa  and  LoUgo  correspond  to  the  entire 
Belemnite  shell  minus  the  phragniacone-nucleus,  it  is  clear 
that  the  sac  which  develops  so  early  in  Loligo,  and  which 
appears  to  correspond  to  the  shell-gland  of  the  other  molluscs, 
cannot  be  held  to  do  so.  The  sac  thus  formed  \n  Loligo  raa&\, 
be  held  to  represent  the  sac  formed  by  the  primeeval  upgrowth 
of  mantle-folds  over  the  young  nautiloid  shell  of  its  Belem- 
niloid  ancestors,  and  has  accordingly  no  general  significance 
for  the  whole  moUuscan  group,  but  is  a  special  organ  belong- 
ing only  to  the  Dibrauchiate  stem,  similar  to — but  not 
necessarily  genetically  connected  with — the  mantle-fold  in 
which  the  shell  of  the  adult  Aplysia  and  its  congeners  is 
concealed.  The  pen,  then,  of  Cephalopods  would  not  repre- 
sent the  plug  of  the  shell-gland.  In  regard  to  this  view  of 
the  case,  it  may  be  remarked  that  I  have  found  no  trace  in 
embryonic   history   of    the   living    Dibranchiata    of  a 
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structure  repreaeiilins  the  phragtnacone ;  and  further,  it>^^ 
possible,  though  little  importance  can  be  attached  to  this  sug- 
geEtion,  that  the  Dibranchiate  pen-»ac,  as  seen  iu  its  earUest 
stage  in  the  embryo  Loligo,  &c.,  is  fused  with  the  survivinj; 
remnants  of  an  embrjonic  shell-gland.  AVhen  a  zoological 
observatory  has  been  established  in  the  southern  seas,  and  the 
embryology  of  Nautilus  pompilius  worked  out,  we  shall 
probably  know  with  some  certainty  the  fate  of  the  molluscan 
shell-gland  in  the  group  of  the  Cephalopoda.  By  the  use  uf 
DO  very  great  ingenuity  it  might  be  possible  to  conceive  of 
the  pro-ostracum  alone  of  the  Belemnite  as  being  the  plug  of 
the  shell-gland,  and  thus  to  save  the  hoinogeny  of  the 
embryonic  pen-sac  of  living  Cuttle-fish  with  the  so  closely 
corresponding  sac  (the  shell-gland)  of  other  MoUuaca.  I  will 
only  venture  one  additional  remark  of  a  speculative  tendency 
here,  and  that  is  that  the  siphuncle  of  the  chambered 
shells  of  Nautilus  and  Spirula  is  so  placed  as  to  suggest  an 
inquiry  as  to  whether  it  may  have  any  relation  to  this  pro- 
blenmtical  shell-gland. 

The  preceding  discussions  and  speculations  have  been 
introduced  with  the  object  of  rendering  more  clear  the  points 
uf  interest  in  the  facts  of  the  development  of  Lymnaus 
alagnaiis  which  are  recorded  below. 

§  2. — Development  of  Lymn^us  Stagnalis. 

The  well-known  egg-jelly  of  the  common  pond-snail  is  to 
be  found  on  water-plants  in  most  ponds  from  June  to  Oc- 
tober. The  jelly  encloses  a  number  of  tense  capsules,  each 
of  which  contains  one,  rarely  two,  eggs. 

Many  points  of  interest  in  the  earliest  stages  of  the  de- 
posited egg  demand  minute  investigation  with  the  highest 
power,  and  have  been  entered  into  in  a  suggestive  rather 
than  a  conclusive  manner  by  M.  Lereboullet  in  his  extended 
"  Monograph  of  the  Development  of  Lymmeus"  ('  Annales 
des  Sciences  Naturelles,'  ser.  iv,  t.  18,  1862).  I  shall  here 
only  record  a  few  facts  tending  to  show  the  general  disposi- 
tion of  the  masses  resulting  from  the  segmentation  of  the 
primitive  egg-sphere,  reserving  the  consideration  of  the 
minute  structure  and  relations  of  the  various  elements  of  the 
yelk  for  another  occasion.  The  egg-sphere,  aa  laid,  has  a 
diameter  of  about  -rru  of  an  inch.  By  the  middle  of  the 
third  day  from  its  deposition  in  the  warm  season  it  has 
assumed  the  form  seen  in  PI.  XVI,  figs.  8—12,  and  is  then 
-j-i77  of  an  inch  in  diameter.  The  intermediate  steps  are  not 
easy  lo  follow   with  certainty.      It  ia   necessary  by  abj; 
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prcssuie  or  by  needles  to  remove  the  egg  from  its  envelope, 
to  avoid  anything  like  actual  contact  with  it,  and  to  study 
Ith  high  powers  (850  to  400  diametersj  by  both  trans- 
mitted and  reflected  light.  The  egg  is  not  a  transparent 
one,  and  is  very  easily  distorted  by  manipulation.  Oamic  acid 
solution  of  one  per  cent,  is  useful  in  the  earlier  but  more 
especially  in  the  later  stages  of  the  investigation,  and  en- 
abled me  to  preserve  specimens  permanently. 

Formation  of  the  Gaatrula. — With  ihe  first  contractions  of 
:eleavage  one  or  two  pellucid  drops  are  extruded  from  the 
Inown  yelk-mass,  and  remain  adherent  to  the  axial  point  of 
the  egg,  as  in  many  other  molluscs  and  worms  ;  they  are  the 
well-known  "Richtungsblaschen,"  and  disappear,  becoming 
detached  at  a  later  stage  of  development.  They  may  serve  a 
useful  purpose  for  the  emhryologist  if  they  enable  him  to  re- 
cognise at  any  subsequent  period  when  they  are  present  the 
original  pole  at  which  they  made  their  appearance.  But  it  must 
be  borne  in  mind  that  snch  droplets  of  albuminous  matter  are 
occasionally  extruded  from  eggs  of  the  same  character  as  those  ' 
oi  LymtUBus  at  other  points  during  later  stages  in  the  process 
of  segmentation  of  the  egg-sphere.  In  PI.  XVI,  figs.  2  and  3, 
lateral  and  polar  views  of  the  egg  when  exhibiting  four 
divisions  are  given.  In  figs.  5  and  6  a  series  of  smaller 
segmentation  cells  is  seen  extending  itself  so  as  to  surround 
four  larger  spheres.  The  stage  intermediate  between  this 
and  the  simple  quadripartite  form  I  have  not  yet  observed, 
nor  is  it  clear  from  M.  Lerehoullet's  figures  whence  precisely 
these  smaller  cells  arise.  He  figures  au  egg  consisting  of 
four  large  cells  with  four  little  ones  surmounting  them,  but 
does  not  demonstrate  whence  these  four  smaller  cells  have 
originated.  I  have  not  seen  the  egg  in  this  state.  If  we 
compare  the  case  of  Aplysia  we  find  there  a  series  of  smaller 
cells  growing  over  and  enclosing  two  larger  segmentation 
Gpheree,  but  the  origin  of  these  smaller  cells  is  clear  from  the 
beginning;  even  in  the  unsegraented  egg  the  pale  trans- 
parent portion  of  the  egg  from  which  they  are  formed  is 
distinguishable  from  the  more  granular  opaque  mass  which 
forms  the  two  targe  enclosed  spheres,  This  is  the  first  point 
of  obscurity  in  the  transition  from  fig,  3  to  fig.  10,  It 
can,  no  doubt,  be  readily  cleared  up  by  painstaking  observation 
of  a  large  number  of  eggs.  In  fig.  4  we  have  a  lateral  view 
of  the  same  egg  as  that  of  figs.  5  and  6.  The  drawing  is  so 
placed  that  the  smaller  cells  are  below  the  large  spheres 
above.  This  is  for  comparison  with  the  succeeding  fig.  7. 
At  the  pole  of  fi^.  4  is  seen  a  clear  albuminous  corpuscle, 
undoubtedly  of  the  nature  of  Kichtungsblascben,  sticking,  as 
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it  were,  in  the  point  of  intersection  of  the  sectors  of  the  UffB 
yelk-tnasses.  It  is  possible  that  this  is  not  the  same  cor- 
puscle as  that  seen  in  tigs.  1  and  S.  If  it  be  the  same  we 
have  this  to  observe  —  that  whereas  in  Aplysia  the  Kich- 
tungsblaschen  escapes  from  the  paler  pole  of  the  unsegmented 
egg,  where  the  smaller  enveloping  cells  are  formed,  in 
LymtDstis  the  pole  from  which  the  Ricbtiiiigsblascheii  is 
detached  does  not  exhibit  the  more  active,  but  the  ^e«s  active, 
segmentation.  Accordingly,  the  small  cells  in  Lymnaus 
would  appear  not  to  correspond  with  the  small  cells  in 
Aplysia  ;  they  are  not  advancing,  in  the  case  of  Lymnrsus, 
to  enclose  the  four  larger  masses  as  they  do  enclose  the  two 
large  spheres  of  Aplysia,  but  are  growing  in  the  opposite 
direction.  In  fig,  7,  taking  the  position  of  the  RichtungB- 
blaschen  and  the  general  shape  again  as  a  guide,  we  find  the 
larger  cells  still  left  unenclosed  by  the  smaller,  which  are 
now  sinking  in  on  the  lower  surface  to  form  the  primitive 
alimentary  canal  of  the  gastrula-form  seen  in  the  sub- 
sequent figures.  This  interpretation  depends  iipon  the 
assumption  of  the  constancy  of  the  position  of  the  Richtungs- 
blaschen,  and  also  on  the  marked  agreement  in  form  of  the 
embryos  when  placed  as  drawn  in  figs.  4  and  7.  If  we  might 
disregard  this,  and  invert  fig.  6,  we  should  have  what  would 
appear  to  be  a  much  more  intelligible  mode  of  formation  of 
the  primitive  in-pushing  of  the  gastrula  of  Lymnmus.  Fig. 
4  being  inverted,  we  should,  looking  at  it  in  the  light  of  fig. 
7,  and  disregarding  Rich  tun gsblaschen,  see  in  this  stage  the 
gradual  extension  of  the  smaller  cells  over  the  larger,  so  as 
to  enclose  them,  just  as  certainly  does  occur  in  Aplysia, 
and  the  in-pushing  in  the  base  of  fig.  7  would  be  the  final 
result  of  the  growing  over  and  approximation  of  the  circum- 
ferential border  of  the  cap  of  enclosing  cells.  Unfortunately 
the  embryo  or  segmented  egg-mass  in  the  stage  seen  in 
fig.  7  is  too  opaque  to  allow  of  our  obtaining  evidence  on 
this  point  from  its  actual  structure.  The  question  as  to  the 
precise  mode  of  formation  of  this  gastrula,  and,  indeed,  of 
all  gastrula- forms,  is  one  of  such  very  great  interest  at 
present  that  I  have  not  kept  silence  about  the  difficulties 
which  this  has  presented  to  me,  though  a  little  more  time 
and  care  than  I  have  given  to  this  part  of  the  developmental 
history  of  Lymnaus  would  settle  the  point. ^     In  figs.  8,  9, 

<  M.  Lereboiillet's  account  does  not  help  one  verj  mucb  in  this  part  of 
tlie  history.  He  Ggnrea  one  einbrjo  as  pert'cctly  spherical  and  composed  of 
"  twenty  equal  spheres,"  I  did  noc  come  across  sueh  embryos,  bnt  thej 
would  clearly  be  later  than  the  stage  given  in  fig.  4,  and  intermediate 
HBOBBSuilj  between  it  and  the  joun^eat  ^M,UMiB.-\i'QBMi,T*!rel^  fi^  7. 
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10, 11, 12,  we  have  various  views  of  the  gastrula  of  Lymnieia. 
In  assuming  this  form  the  embryo  gets  rid  of  a  very  delicate 
envelope,  which  appears  to  be  of  a  slightly  viscid  nature, 
and  which,  together  with  the  Richtungsblaschen,  is  now  lost. 
It  is  seen  in  a  loose  detached  condition  in  the  stage  repre- 
sented in  fig.  7. 

The  gastrula  of  Lymnisus  has  been  figured  and  described 
by  Lereboullet,  who  takes  the  fussa  and  orifice  of  invagina- 
tion for  the  rudiment  of  the  adult's  mouth.  I  believe,  how- 
ever, that  this  is  a  mistake,  and  that  the  orifice  of  invagina- 
tion in  LymneBus  closes  up,  as  I  have  observed,  in  the 
gastrula  of  the  Lamellibranch  Pisidium,  and  in  that  of 
Limax  and  of  Pobjcera,  Tergipes,  and  Doris. 

The  Lymnseue -gastrula  has  the  same  curious  cushion-like 
form  as  observed  in  the  Nudibrancbs.  The  orifice  of  invagi- 
nation, in  its  most  strongly  marked  period  of  development, 
is  a  long,  trough-like  depression,  running  from  one  side  of 
the  cushion  towards  the  middle,  and  there  sinking  deeply 
into  the  substance  of  the  mass.  Accordingly,  as  it  is  turned 
this  way  or  that,  the  extent  and  direction  of  Ihe  orifice 
presents  apparent  differences,  which  are,  however,  merely 
apparent. 

The  figures  will  give  a  more  correct  notion  of  these  appear- 
ances than  any  description. 

Besides,  by  Lereboullet,  who  did  not  appreciate  its  true 
character,  the  gastrula  of  Lymnesus  has  been  figured  dia- 
gramatically  by  Professor  Haecki;!  in  his  Gas tra3a- theory, 
(See  PI.  VII.) 

I  have  elsewhere  distinguished  two  classes  of  gastrula- 
forms,  according  to  the  mode  of  their  development,  namely, 
"  invaginate  gastrulEe"  and  "  delaminate  gastrulEB,"  the 
latter  forming  by  an  internal  movement  of  stratification  in  a 
mass  of  embryonic  cells,  and  not  by  a  process  of  involution. 
The  I.ymnseus-gastrula  is  clearly  an  "  invaginate"  one ;  but 
amongst  invaginate  gastrulfe  we  may  distinguish  those  which 
are  formed  by  eraboly  (the  growth  inwards  of  a  number  of 
small  cells),  and  those  formed  by  epiboly,  in  which  targe 
cells  remain,  as  it  were,  stationary,  and  are  grown  over  by 
smaller  cells.  These  terms  are  adopted  from  Selenka,  who 
has  given  a  very  valuable  account  of  the  development  of 
Purpura  lapillus  in  the  '  Niederlandisches  Archiv  fiir 
Zoologie,'  Bd.  I,  July,  1872. 

I  am  obliged  to  leave  for  further  inquiry  the  interesting 
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this  there  is  certdnly  not  much  if  an;  difference  in  Ihc  size  al  the  com- 
ponent cells,  those  in  the  apex,  of  tlie  pyramid  being  only  apparently  laigei 
—on  account  of  their  promiDcnce. 
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question  as  to  whcllior  the  invaginate  gaatrula  of  Lymnestis 
forms  by  emboly  or  epiboly,  or  has  an  intermediate 
character. 

7%e  Ttochosphere. — The  orifice  of  invagination  of  the 
gastrula  now  closes  up,  and  its  shape  commences  to  undei^o 
a  change  due  to  the  developmeDt  of  a  kind  of  equatorial 
ridge,  the  earliest  rudiment  of  the  velum.  At  the  same  time 
the  movements  of  rotation  of  the  embryo  commence.  The 
phase  in  which  there  is  as  yet  no  trace  of  the  mouth,  and 
in  which  the  gastrula's  orifice  of  invagination  has  disap- 
peared, is  not  figured  in  the  plates  accompanying  this  paper ; 
but  I  may  refer  to  Lereboullet's  pi.  xii,  fig.  36,  for  a  good 
drawing  of  that  particular  phase,  though  the  French  natura- 
list does  not  recognise  the  significance  of  his  illustration, 
since  he  believes  that  the  Gastrula's  orifice  becomes  the 
mouth. 

The  movements  of  rotation  in  the  embryo  Lymmxus  are 
caused  by  very  short  cilia,  which  it  ia  not  difficult  to  see 
even  with  a  quarter-inch  (English  make),  after  the  embryo 
has  been  treated  with  osmic  acid.  These  cilia  have  entirely 
escaped  M.  Lereboullet,  who  says,  "  J'ai  cherche  en  vain  la 
cause  de  ce  nioiivement  qa'on  attribue  g^n^ralement  a  des 
oils  vibratiles.  Je  puis  affirmer  que  ces  derniers  n'existent 
pas,  et  qu'ils  ne  se  voient  jamais,  a  aucuiie  epoque  de  la  vio 
emhryonnaire,  sur  toute  la  surface  de  I'ceuf." 

With  a  No.  10  a  immersion  Hartnack  the  cilia  can  be 
observed,  even  in  the  early  period,  when  rotation  first 
begins ;  later  they  are  obvious  enough  in  the  region  of  the 
velum. 

The  phase  which  the  embryo  now  enters  upon  with  a 
distinct  circumferential  ciliated  band  is  that  which  I  have 
designated  in  the  introductory  remarks  above  as  the  trocho- 
sphere.  In  the  earliest  of  the  forms  referable  to  this  phase 
{PI.  XVI,  fig.  13)  the  embryo  has  a  very  peculiar  outline  when 
viewed  from  the  oral  pole,  the  ciliated  band  appearing  to 
commence  its  development  in  connection  with  the  two  lobe- 
like outgrowths  right  and  left  of  the  mouth.  The  remaining 
figures  on  PI.  XVI  give  various  views  of  later  trochospheres. 
The  movements  of  rotation  are  now  very  rapid,  and  vary 
around  two  axes  at  right  angles  to  one  another,  so  that  it  is 
difficult  to  get  a  correct  notion  of  the  actual  superficial  form 
of  the  embryo.  The  figures  supply  such  information  as  I  can 
give. 

The  changes  in  the  histolojiical  elements  of  the  embrj-o 
from  the  earliest  gastrula-form  (fig.  7)  to  the  latest  trocho- 
sphere  are  no  leas  marked  and  important  than  the  chanei 
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external  shape.  I  am  not  prepared  to  give  a  detaileil  account 
of  those  changes,  but  can  only  draw  attention  to  some  general 
features. 

The  invaginated  cells  or  segmentation-products,  which 
form  the  endoderm  or  primitive  alimentary  sac  of  the  gas- 
truta,  are  not  at  first  distinguishable  througli  the  walls  of  the 
widely  excavated  pyramidal  embryo.  But  as  the  wide  orifice 
narrows  to  a  slit,  the  two  sets  of  cells  become  clearly  dis- 
tinguishable, a  result  due,  not  merely  to  the  clearing-up  of 
the  outer  cells,  but  also  to  the  gradual  assumption  of  a 
specific  character — globular  form,  dark  granulation,  and  high 
refrangibility — by  the  invaginated  cells.  During  the  whole 
of  the  later  development,  as  far  as  I  have  watched  it  in 
Lj/mnwus,  the  gastrula's  endoderm -cells  are  undergoing  modifi- 
cation, resulting  at  last  in  the  separation  of  a  pellucid  material 
from  a  more  superficial  granular  matter,  which  appears  ulti- 
mately to  give  rise  to  a  cellular  network  (PI.  XVII,  fig.  22). 
The  minute  history  of  the  changes  in  these  cells  would  be  an 
important  matter  to  determine,  since  it  appears  that  the  history 
of  other  invaginated  gastrula-endoderms  is  not  so  simple  as 
one  might  suppose  beforehand.  They  are  by  no  means 
simple  masses  of  formative  protoplasm,  which  merely  multiply 
by  division,  but  appear  in  many  cases  to  contain  other 
elements  analogous  to  the  nutritive  yelk  {whence  obtained  ia 
not  clear),  which  in  earlier  stages  have  accumulated  in  each 
endodermal  cell.  Each  endodermal  cell  then  appears  to  play 
a  part  analogous  to  that  of  a  whole  ovum  in  its  early  stages, 
segregating  and  giving  rise  to  new  cells  by  endogenous  forma- 
tion. A  process  of  this  sort  appears  to  go  on  in  the  gastrula- 
endoderm  of  Pisidium  as  well  as  in  that  of  Lymnceus,  and 
probably  also  in  the  "  residual  yelk-spheres "  of  Pleuro- 
branchidium.  An  important  histiological  arrangement  seen 
in  the  specimen  (PI.  XVI,  fig.  14)  is  the  connection  of  the 
pudodermal  mass  of  cells  with  those  forming  the  body-wall 
by  means  of  long  processes.  This  is  seen  again  in  a  later 
phase  in  PI.  XVII,  fig,  19.  The  processes  appear  to  be 
actual  filaments  of  the  cell -sub  stance  of  the  endodermal 
cells. 

In  the  trochosphere  so  far  the  shape  is  nearly  spherical, 
excepting  for  the  raised  ciliated  ridges,  which  together  make 
a  heart-shapeil  outline  on  the  surface  of  the  embryo,  the 
indentation  of  the  heart  being  occupied  by  the  mouth. 

The  Veliger-pkase.  —In  fig.  1  of  PI.  XVII  we  have  a  some- 
what more  advanced  stage,  and  in  figs.  2,  3,  4,  5,  6,  the 
definite  Veliger-phase  is  attained.  In  the  Veliger  the  area 
"  t,he  velum  has  a  definite  development,  occupying  relatively 
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the  same  position  and  having  something  of  the  same  rela- 
tive size  as  the  wheel-apparatus  of  a  Rotifer.  Moreover, 
in  the  Veliger  the  foot  takes  on  a  large  relative  growth, 
BO  as  to  form  a  projecting  lobe ;  at  first  it  is  simple,  but  soon 
becomes,  what  is  exceedingly  important,  bilobed.  This 
bilobed  condition  of  the  foot  need  but  be  carried  a  very  little 
farther  than  it  is  in  the  LymnEeus -veliger,  and  we  should 
have  the  Pteropod-veliger,  with  fully  developed  velum  and 
two  epipodial  "wings,"  such  as  1  had  the  opportunity  of 
examining  last  spring  at  Messina  through  the  kindness  of 
Dr.  Herman  Fol. 

In  fig.  1  some  interesting  features  are  exhibited  which 
happened  to  be  nnusually  well  presented  by  the  particular 
specimen  from  which  the  figure  is  drawn.  The  letter  g 
indicates  the  spot  at  which  the  gastrula's  orifice  of  invagina- 
tion bus  closed  up,  and  the  delicate  pedicle  of  tisane  {p  t)  es- 
tending  from  this  to  the  enlarged  gastrula-endoderin-cells  is 
the  "  pedicle  of  invagination,"  precisely  similar  to  the  pedicle 
formed  in  the  same  way  in  the  Lamellibranch  Piaidium  (for 
an  account  of  which  I  must  refer  to  the  forthcoming  volume 
of  the  '  Philosophical  Transactions ').  The  thickened  snper- 
fieial  tissue  to  the  left  of  the  closed  orifice  of  invagination  is 
the  shell-disc — the  earliest  commencement  of  the  mantle  area. 
This  again  will  be  seen  from  the  woodcut  {fig.  2)  to  have 
its  equivalent  in  other  molluscs,  and  has,  indeed,  been 
especially  described  by  Paul  Stepanof  in  his  account  of  the 
development  of  the  pulmonale  Anct/lus  fluviatUis.  The 
further  development  of  this  region  has,  however,  escaped  him 
and  nil  other  previous  observers.  It  is  as  a  pushing  in  from 
this  shell-disc  that  the  shell-gland  to  which  I  have  referred 
in  the  introduction,  and  which  is  seen  in  PI,  XVII,  figs,  11, 
12,  13,  14,  and  17,  is  developed. 

The  Shell-gland. — The  shell-gland— a  name  which  suggests 
itself  merely  from  the  position  of  the  gland,  and  not  from  any 
necessary  functional  connection  with  theformation  of  theshell — 
was  seen  figured  and  described  by  LerebouUet  in  his  account  of 
the  development  of  Xymweewa.  LerebouUet  accurately  described 
it  at  one  period  of  its  growth  as  a  hollow  cone,  truncated  and 
closed  at  its  deeper  extremity.  He  regarded  it  as  the  anal 
portion  of  the  alimentary  canal,  and  consequently  termed  it 
the  "  anal  cone."  From  this  it  follows  that  he  had  failed 
to  detect,  as  his  figures  also  show  to  be  the  case,  the 
"  pedicle  of  invagination"  and  the  true  commencement  of 
the  terminal  part  of  the  alimentary  tract.  If  we  follow  the 
shell-gland  through  the  various  figures  on  PI.  XVII,  in  which. 
It  appears,  vire  shall  find  "^eaX  <nicw^-^\n%  a.\  nwi  time  a  « 
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prominent  position,  and  pushing  its  way  right  up  into  the 
central  mass  of  gastrula-entloderm-cells,  it  subsequently 
dwindles,  and  very  rapidly  disappears  altogether,  as  the  shell 
forms  and  the  mantle-area  becomes  raised  up  as  a  convex  dome 
withmargin  dis  tiiictly  projecting  to  form  a  rudimentary  man  tie- 
flap.  ThedrawingsfPl.XVII.figa.U,  IS)  represent  the  shell- 
gland  in  its  most  strongly  marked  condition,  the  conical 
lumen  of  the  gland  being  filled  by  a  highly  refracting  chiti- 
nnus  substance.  Curiously  enough,  the  cases  in  which  this 
occurs  appear  to  be  abnormal,  In  a  mass  of  eggs  which 
have  for  the  most  part  advanced  to  the  stage  seen  in  PI,  XVTI, 
fig.  10,  two  or  three  may  be  found  which  have  hung  back,  and 
have  an  abnormal  proportion  of  foot,  mantle-flap,  &c.,  besides 
being  much  smaller  than  the  further  advanced  normal  speci- 
mens. Such  retarded  specimens  frequently  exhibit  the  con- 
dition of  the  shell-gland  figured  in  figs.  1  and  12.  Not 
only  is  there  this  plugging  of  the  gland,  but  the  commencing 
shell  {not  at  this  period  calcified,  but  entirely  of  a  horny 
compositionj  is  thick  and  rough  as  compared  with  the 
normal  shell  of  the  same  size,  and  sometimes  the  plug  is 
united  to  the  disc-like  shell,  so  that  the  two  can  be  picked 
out  by  careful  teazing  as  a  separate  plate  and  handle.  In 
the  introductory  remarks  above  I  have  referred  to  my  obser- 
vations on  Ap/ysta  (PleurobraneAidium),  where  I  found 
a  precisely  similar  condition  accompanying  a  retarded 
development. 

The  Velar  Area. — Let  us  now  return  to  the  velum  for  the 
purpose  of  tracing  its  development,  and  that  of  the  velar  area. 
It  is  an  extraordinary  fact  that  the  existence  of  a  velum  in  the 
embryos  of  Pulmonata  has  been  denied,  and  its  absence  is  at 
this  moment  mentioned  in  so  authoritative  a  work  as  Bronn's 
'  Thierreich  '  as  characterising  the  young  stages  of  that 
group.  Pouchet,  who  appears  to  have  seen  it  in  the  trocho- 
sphere-phase  of  Lymnmie,  and  whose  figures  are  copied  in 
Bronn's  plates,  traces  it  to  the  free  edge  of  the  mantle,  for 
the  first  rudiment  of  which  he  mistakes  it.  Lereboullet 
appears  to  have  missed  it  altogether.  The  fact  is,  as  will  be 
seen  from  the  figures  in  PI,  XVII,  that  it  not  only  is  well 
developed  in  the  youngest  stages  of  Lymntsfia,  but  persists  in 
an  altogether  exceptional  way,  and  is  actually  retained  in  the 
adult,  having  become  the  lip-like  masses  which  are  known 
in  LymntEus  as  the  "  sub  tentacular  lobes."  The  margin  of 
the  velum  is  easy  to  trace  in  the  Veliger-phase  of  Lymnreus 
on  Eiccount  of  the  large,  granular,  epidermic  cells  of  a 
yellowish-brown  colour  which  compose  it.  When  the  em- 
bryo passes  from  the  Veliger-phase  to  the  dcftw\Ve  wci\\\3ac'M\ 
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phase  with  creeping  foot,  with  mantle-flap  and  eye-tpntacles, 
the  cilia  no  longer  predominate  on  the  velum,  but  it  remains 
as  a  well-marked  ridge  swelling  out  into  a  pair  of  lobes,  one 
on  each  side  of  the  mouth,  and  terminating  bluntly  on  each 
side  at  the  back  of  the  head  (Vi.  XVII,  figs.  7  and  10). 

At  the  same  time  during  the  Veliger-period  in  which  the 
foot  commences  to  assume  a  bilobed  form,  a  conical  eminence 
appears  on  each  side  within  the  heart-shaped  velar  area. 
These  two  eminences  are  the  eye-tentacles,  and  rapidly  grow 
80  as  to  overshadow  the  margins  of  the  velum.  lu  this  phase 
of  the  development,  as  the  embryo  rotates,  it  often  presents 
itself  in  the  position  seen  in  PI,  XVII,  fig.  6,  in  which  the 
foot  is  stretched  in  front,  and  the  velar  area  with  the  growing 
eye- tentacles,  and  the  mouth  placed  centrally,  complete  the 
rest  of  the  visible  part  of  the  Veliger.  The  dark  coloured 
margin  of  the  velum  itself  is  seen  forming  a  curious  saddle- 
shaped  cincture  placed  transversely.  It  is  easy  enough  to 
demonstrate  that  the  velum  actually  persists  in  adult  life  by 
comparing  such  embryos  as  figs.  7  and  10  with  full-grown 
Lymnroi.  The  fact  that  some  of  the  Pulmouata  thus  retain 
this  larval  organ  in  the  adult  condition  is  important,  be- 
cause, so  far  as  I  know,  no  other  mollusc  has  been  shown 
to  do  so ;  and,  in  fact,  no  other  organism  which  possesses  h 
velum  in  its  younger  phases  of  development,  such  as  the 
Echinodermata,  Nemerteans,  Gephyreans,  and  Cheetopodous 
Annelids,  with  the  exception  of  the  Rotifers.  Parts  of  the 
prostomial  region  in  someof  ihe  Chsetopodous  Annelida  may 
perhaps  be  "traceable  to  the  larval  velum,  as  are  the  sub- 
tentacular  lobes  of  Lymntpus. 

The  retention  of  the  velum  and  the  strongly  bilobed  cha- 
racter of  the  young  foot  mark  the  Pulmonata  as  an  archaic 
group  of  odontophorous  Mollusca.  The  presence  of  these 
archaic  features  is  in  accordance  with  the  generalisation  that 
such  features  may  be  looked  for  in  the  fresh-water  repre- 
sentatives of  large  sea-dwelling  groups,  other  examples  being 
found  in  the  fresh-water  Radiolaria,  in  Hydra  and  Cordy- 
lophora,  and  in  the  living  Ganoid  iishes. 

Nerve-ganglion. — Within  the  velar  area  coincidently  with 
the  commencing  development  of  the  eye-tentacles  a  bilobed 
mass  of  cells  commences  to  develop,  apparently  from  a  local 
multiplication  of  cells  belonging  to  the  epidermic  layer. 
They  form  a  conspicuous  mass,  and  enter  into  connection 
with  the  pharyngeal  mass  (figs.  8,  17,  2S  ng).  This  is  the 
Bupra-oesophageal  nerve-mass,  and  it  is  to  be  noted  that  its 
mode  of  development  is  identical  with  that  which  I  have 
fl/sewhere  described  in  ^piysio. 
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I  have  no  details  to  record  with  regard  to  the  develop- 
ment of  the  eyes;  but  with  regard  to  the  otocyats  may 
draw  attention  to  the  fact  that  they  are  absent  in  the  Btagee 
studied  by  me,  tbougb  in  a  corresponding  period  of  develop- 
iiient  in  the  Nudibranchiata  they  have  attained  a  high  degree 
of  perfection.  This  I  imagine  may  be  explained  by  the 
relatively  smaller  importance  of  the  Hwditory  organ  in  the 
adult  Lymn<eus  than  in  the  Sea-slugs,  and  their  near  allies 
the  free-svrimming  snails  (Heteropoda). 

Mantle-flap  and  lung. — In  PI.  XVII,  fig.  8,  a  stage  in  which 
the  shell-gland  haa  disappeared,  and  the  shell  itself  (sA)  is 
already  projecting  like  a  watch-glass  from  the  aboral  pole  of 
the  embryo,  the  edge  of  the  mantle  first  becomes  raised  up  and 
definitely  emai^nated.  Following  this  through  figs.  7  and 
10,  we  find  its  rim  becoming  more  and  more  detached  or 
lengthened,  until  in  fig.  18,  on  the  right-hand  side,  a  con- 
siderable space  is  overhnng  by  this  marginal  flap.  It  is  here 
that  the  lung  develops  as  a  simple  recess  covered  in  by  the 
mantle-flap.  In  the  specimen  drawn  in  fig.  18  the  rudi- 
ment of  the  heart  is  also  seen  (A),  and  other  organs  in  con- 
nection with  the  enlarged  border  of  the  mantle,  viz.  the 
tubular  dark-coloured  body  opening  to  the  exterior  (»),  which 
I  take  to  be  the  young  kidney,  and  the  prolonged  delicate 
terminal  portion  of  the  alimentary  canal,  which  still  ende 
blindly  (or). 

Alimentary  canal. — The  fact  that  the  alimentary  canal 
ends  blindly  in  so  late  a  stage  of  development  as  that  of 
fig.  18  should  have  made  clear  to  M.  Lereboullet  that  he  was 
wrong  in  interpreting  the  shell-gland  as  an  ana!  cone ;  but 
it  must  be  admitted  that  to  follow  out  fully  the  development 
of  the  alimentary  canal  is  exceedingly  diiBcult,  even  as  far  as 
its  general  contour  is  concerned,  still  more  so  when  a  his- 
tological and  hislogenelic  point  of  view  is  attempted.  In 
fact,  here,  as  iji  all  the  embryologies  which  have  been 
attempted,  the  dark  point  is  in  connection  with  the  middle 
portion  of  the  alimentary  canal.  If  we  kuew  with  certainty 
whence  and  how  its  cellular  elements  are  developed  in  all 
types  which  have  been  studied,  we  should  have  little  diffi- 
culty in  reducing  the  facts  of  development  of  the  whole 
animal  kingdom  to  satisfactory  order. 

We  have  seen  that  there  results  from  the  gastrula-invagina- 
tion  an  outer  cellular  body-wall,  from  the  elements  of  which 
the  epidermic  and  ninacular  structures  of  foot,  velum,  mantle, 
and  shell-gland,  develop,  and  an  inner  invaginated  sac  eom- 
]Kisi'd  of  larger  cells,  supported  on  a  short  pedicle  (the  cells 
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of  which  are  not  large  and  granular,  but  scarcely  distinguish- 
able), the  pedicle  of  invagination. 

The  sac  corapospil  of  large  cells  very  early  becomes  con- 
striettd,  so  as  to  present  tivo  lobes,  as  seen  in  PI,  XVII, 
fig,  1.  In  looking  at  the  figures  in  PL  XVII  it  must  be 
remembered  that  the  Kpecimens  are  often  conipresssdj  and 
that  only  an  optical  sectlori  or  partial  view  can  be  given  of 
the  various  parts;  hence  the  mass  of  large  cells  (the  gas- 
trula-eiidoderm)  is  frequently  distorted.  The  lubes  appear 
at  first  to  lie  right  and  leftj  the  pedicle  being  in  the  median 
plane. 

The  pharynx  now  commences  to  develop  with  the  in- 
pushing  of  the  mouth  from  the  body-wall,  and  gradually 
extends  downwards  into  the  mass  of  endoderm-rells,  so  as  to 
be  partly  concealed  by  them  ftigs.  8,  II,  11  p/i).  At  the 
same  time  the  cells  in  the  pedicle  of  invagination  differentiate. 
The  pedicle  assumes  a  tubular  character,  and  its  parietal  end 
becomes  bent  round,  so  that  the  tube  terminates  as  a  shortly 
reflected  ciecum.  Whilst  the  pharynx  and  the  intestinal 
portion  of  the  alimentary  canal  are  thus  differentiating, 
changes  have  been  going  on  in  the  gastrula-endoderm- 
cells,  to  which  changes  I  have  already  alluiled.  In  place 
of  a  bilobed  group  of  large  granular  cells  we  now  have  a  net- 
work of  fine  granular  filaments  with  nuclei  at  intervals 
completely  enclosing  and  surrounding  on  all  sides  pellucid, 
highly  refracting  spheres  (fig.  22).  Moreover,  a  tunic  of 
fusiform  cells,  of  the  same  character  as  the  elementary  mus- 
cular cells  which  are  seen  in  other  parts  of  the  embryo,  has 
spread  itself  over  the  whole  of  the  alimentary  tract  (fig. 
17,  (ge).  They  are  closely  fitted  to  the  pharynx  and  rectum 
(figs.  21,  22),  and  also  extend  over  the  pellucid  spheres  and 
their  granular  network,  whence  they  send  branches  to  the 
similar  cells  lining  the  body-wall  (figs:  17,23).  Whence  has 
this  tunic  developed  ?  At  the  pharyngeal  end  the  cells  are 
clearly  continuous  with  those  of  the  body-wall,  and  at  the 
rectal  end  also ;  but  those  enclosing  what  was  the  gastrula- 
eododerm  are  probably  developed  from  the  processes  which  the 
invaginate  gas trula -cells  send  to  the  body-wall,  even  in  the 
trochosphere  stage  of  development,  as  seen  in  PL  XVI, 
fig.  14,  If  this  is  the  case  the  musculature  of  the  terminal 
portions  of  the  alimentary  canal  will  have  been  developed, 
like  the  musculature  of  the  body-wall,  from  the  ectoderm  of 
the  gastrula,  whilst  the  musculature  of  the  middle  portion 
of  the  alimentary  canal  and  its  appendices  will  have  been 
developed  from  the  gastrula's  endoderm. 

'e  have,  however,  jet  to  see  vjUax.  eNft\itua.U^ 
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this  middle  group  of  cells — the  histologically  changed,  but  in 
coarser  features  unchanged,  bilobed  group  which  fonned  the 
gaslula's  stomach.  I  have  failed  to  penetrate  lo  the  centre 
of  tliis  mass  of  cells  in  earlier  phases,  and  can,  there Corti,  nut 
explain  how  the  structure  to  be  described  comes  about. 
"What  can  be  observed  is  this,  that  as  soon  as  the  pharynx 
and  its  appendix,  the  odontopbore's  sac,  becomes  well 
marked,  and  the  tubular  structure  with  epithelial  lining  in 
the  pedicle  of  invagination  is  clearly  visible,  then  a  little 
compression  and  manipulation  renders  clear  the  continuation 
of  a  lube-like  structure  with  walls  formed  of  small  cells  from 
pharynx  to  intestine,  traversing  the  mass  of  large  pellucid 
cells  (PI.  XVII,  6g.  31).  This  tubular  structure  is  un- 
doubtedly to  be  regarded  as  the  so-called  stomach  of  the  adult 
Lymnaus.  The  metamorphosed  gastrula-endoderm-cells  now 
lie  on  each  side  of  it  as  a  pair  of  grape-like  bunches,  and 
long  after  it  has  become  well'  defiued  these  two  agglomerations 
of  pellucid  spheres,  with  their  enclosing  network  and  meso- 
blastic  coat  (the  tunic  of  fusiform  cells),  remain.  They  are 
apparently  eventually  absorbed  as  nutritive  matter  by  diver- 
ticula of  the  alimentary  canal,  which  give  rise  to  the  liver, 
they  themselves  not  giving  rise  subsequently  to  any  per- 
manent tissue.  Now,  it  is  a  most  important  question  whether 
the  cell-elements  which  build  up  the  so-called  "stomach" 
(the  middle  piece  of  the  alimentary  canal)  arise  in  any  way 
from  the  large  gastrula-endoderm-cells,  or  from  the  pharyn- 
geal in-pushing,  or  from  the  intestinal  pedicle  of  invagination. 
If  from  this  last,  they  would  just  as  ranch,  as  if  they  arose 
from  the  material  of  the  central  mass  of  gastrula-endoderm, 
be  traceable  to  the  invagiuated  cells  of  the  gas  t  ml  a -phase. 
On  the  whole,  it  seems  probable  that  this  is  their  origin ; 
but  the  matter  is  still  obscure.  The  analogy  of  other 
Mollusca  does  not  take  us  very  far  towards  a  clearingup,  for 
in  all  cases  that  1  have  studied  the  exact  mode  of  origin  of 
the  middle  portion  of  the  alimentary  canal  is  equally  obscure. 
It  is,  however,  interesting  and  of  considerable  importance  for 
a  true  understanding  of  the  matter,  to  note  that  in  this  case 
of  Lymneeus  we  have  a  large  proportion  of  the  material 
which  at  one  time  formed  the  wall  of  the  gastrula-stomach 
left  outside  the  permanent  alimentary  canal  and  absorbed  as  a 
kind  of  food-yelk.  The  case  of  Pleurobranchidium,  of  which 
an  embryo  is  represented  in  the  woodcut,  is,  in  a  measure, 
parallel  to  this,  for  the  two  large  nucleated  spheres  {ry)  are  that 
portion  of  the  original  cleavage- product  of  the  egg  which  are 
overgrown  or  invaginated  by  epiboly.  Hence  they  represent 
the  gastrula-stomach,  and,  as  ia.  Lymnxus,  a  middle  intea- 
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kes  its  origiii ;  possibly  it  is  from  some 
of  the  material  of  these  very  cells,  but  they  reniain  uuem- 
brnced  by  the  walls  of  the  alimentary  canal  so  formed, 
and  iriadually  dwindle  by  the  absorption  of  their  material. 
In  Pisidium,  again,  we  have  in  the  earlier  conditiua  a 
still  closer  agreement  with  Lymnistts,  for  there  a  very  defi- 
nitely marked,  bilobed  gastrula -stomach  is  formed  by  in- 
vagination (see  woodcut,  fig.  Ij.  But  in  Pisidium,  too, 
after  this  epoch,  a  great  change  comes  over  the  cells  forming 
the  wall  of  the  gastrula-siomach,  its  cavity  becomes  con- 
stricted, narrowed,  and  contorted,  and  apparently  a  new  mid- 
portion  of  the  alimentary  canal  is  formed  with  separation  of 
nutritive  and  formative  elements  from  the  original  gastnila- 
endoderm-celle.  Therefore  it  seems  that  the  history  of  the 
development  of  the  gastr  a  la- stomach  iuto  the  permanent 
middle  intestine  is  by  no  means  a  simple  one.  It,  in  fact, 
involves  the  whole  question  of  the  part  played  by  the  so- 
called  nutritive  elements  of  the  original  egg-yelk,  and  we 
may  expect  gradations  between  the  developmental  processes 
of  a  simple  unencumbered  egg-cell  {free  from  yelk -granules), 
such  as  that  of  the  Nematuid  CucuUanus  (in  which  I  should 
anticipate  that  the  primitive  alimentary  canal  would  he 
directly  enlarged  so  as  to  form  the  adult  one),  and  those  of 
the  eggs  of  Cephalopods  and  birds,  in  which  the  egg-cell  is 
well-nigh  lost  in  an  excess  of  superadded  nutrient  material. 

Wherever  these  nutritive  yelk -elements  come  in  they 
derange  and  obscure  the  usual  processes  of  cell-growth  ;  iii 
the  earliest  stages  they  give  a  paradoxical  twist  to  tte 
multiplication  by  fission  of  the  primitive  egg-cell,  later  to  the 
mode  of  formation  of  ihe  hypoblast  or  gastrula-endoderm, 
and  finally,  to  the  mode  of  development  of  middle  intestiue 
and  liver  from  this  last,  whilst  they  may  even  have  something 
to  say  to  the  development  of  other  organs  in  which  their  loo 
ready  offer  of  nutritional  assistance  is  accepted. 

The  later  development  of  the  alimentary  canal,  the  break- 
ing through  of  the  anus  to  the  exterior,  and  of  the  pharynx 
to  the  stomach  or  middle  intestine,  I  have  not  followed,  nui 
have  I  observed  the  development  of  the  liver  and  absorption 
of  the  two  masses  of  pellucid  cells  which  Lereboullet  has 
described,  since  I  have  not  pursued  the  embryos  to  that 
phase.  I  may,  however,  here  mention  that  in  the  Cephalopod 
Loligo  I  have  determined,  by  means  of  transverse  and  longi- 
tudinal sections,  that  the  great  mass  of  "unorganised"  yelk 
enclosed  hy  the  embryo  is  in  that  animal  gradually  absorbed, 
wbiist  the  growth  of  a  pair  of  dwetticula  from  the  alimenta 
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canal  proceeds,  which  diverticula  penetrate  the  miorgaiiiaed 
yelk,  and,  filling  up  the  position  once  occupied  by  it,  become 
the  two  lobes  of  the  Cephalopod  liver.  This  process  is 
probably  a  general  one  throughout  the  animal  kingdom,  with 
variation  in  non-essentialfi. 

Muscular  layers  and  muscles. — I  have  above  spoken  of 
fusiform  cells  arranged  as  a  layer  on  the  inner  surface  of  the 
body-wall,  and  as  surrounding  the  alimentary  canal  and 
bilobed  mass  of  pellucid  cells.  These  represent  the  meso- 
blastic  elements  of  the  embryo.  I  have  not  been  able  to 
find  in  the  early  stages  of  Lymnceus  a  layer  or  group  of 
undifferentiated  embryonic  cells  lying  definitely  between  the 
gastrula's  body-wall  and  stomach  ;  such  a  layer  would  he  a 
mesoblast.  It  is  possible  that  there  are  some  such  loosely  placed 
cells  during  a  particlar  phase  of  tlte  development,  just  as 
there  are  in  Piaidium,  but  they  are  derived  either  from  the 
enclosing  ectoderm  or  the  invaginated  endoderm  in  the  first 
instance.  The  appearances  are  strongly  in  favour  of  the 
fusiform  cells  which  lie  in  apposition  to  the  epidermic  cells 
of  the  body-wall,  being  derived  from  ectoderm  or  epiblast  cells. 
The  most  noticeable  groups  develop  at  the  circumference  of 
the  shell-gland  (PI.  XVII,  fig.  8  mu) .  The  processes  which 
pass  from  the  gaatruta- endoderm -cells  to  the  body-wall  appear 
(fig.  19),  eventually  lo  become  muscular,  but  whether  they 
should  then  be  attributed  to  the  latter  or  the  former  ia 
doubtful.  The  term  Triploblastic  is  applicable  to  LymntEus 
and  to  other  molluscs  in  which  there  is  no  definitely  consti- 
tuted layer  intermediate  between  the  gastrula's  ectoderm 
and  endoderm,  since  in  it  and  them,  as  in  all  the  groups 
filiated  to  Vermes  the  musculature  has  not  ouly  relations  to 
the  outer  world  and  to  the  gastric  space,  but  to  a  third  inter- 
posed spaee^ — -the  hiemolymph  cavity— in  which  a  vascular 
system  and  blood-lymph  spaces  develop. 

It  is  clear  (and  in  saying  this  I  am  qualifying,  though  not 
recalliiig,  what  1  have  staled  in  my  essay  in  'Ann.  and  Mag. 
Nat.  History,"  June,  1873)  that  a  mesohlast  or  third  inter- 
mediate layer  must  either  be  derived  from  epiblast  or  hypo- 
blast (either  or  both),  and  so  cannot  be  spoken  of  as  of  co- 
ordinate value  with  those  two  layers ;  or,  on  the  other  band, 
it  must  be  a  separate  entity  originating  simultaneously  with 
the  epiblast  and  hypoblast  from  the  egg-cell  or  its  segmenta- 
tion products.  The  latter  case  is  one  which  certainly  has 
not  been  usually  contemplated  iu  the  use  of  the  term  "me- 
sohlast" or  "  middle  layer,"  and  there  is  very  small  warrant 
for  assuming  it  as  expressing  the  historic  or  phylogenetic 
mode  of  origin  of  the  layer  in  question.     It  is  possible  that 
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in  some  cases,  when  the  gastnila's  ectoderm  and  stomach- 
wall  are  differentiated  by  invagination,  a  certain  number  of 
the  primitive  segmentation-cells  should  remain  involved, 
neither  in  the  one  nor  the  other,  but  lying  intermediately, 
thus  forming  a  simultaneously  differentiated  mesoblast,  hut 
even  then  we  should  be  able  to  trace  such  cells  to  an  earlier 
connection  with  the  cells  of  either  epiblast  or  hypoblast.  In 
point  of  fact,  such  cases  have  not  been  brought  forward  from 
actual  observation  for  discussion. 

Thus,  then,  the  term  mesoblast  and  its  correlative  term  "  tri- 
ploblastic"  have  not  reference  to  the  existence  of  an  embryonic 
layer  of  co-ordinate  value  with  the  two  primary  layers,  but 
to  a  disposition  and  growth  of  some  of  the  early  structural 
elements  of  the  higher  animals  in  and  around  a  strongly 
marked  space  separating  the  two  primary  layers. 

Summary. — The  observations  of  fact  which  have  been 
brought  forward  above  are  to  a  large  extent  disjointed,  and 
even  as  far  as  concerns  the  period  of  development  to  which 
they  refer,  very  far  from  exhaustive.  They  must  rather  be 
regarded  as  suggesting  the  desirability  of  more  detailed  and 
long- con  tinned  study. 

As  evidence  of  the  value  which  may  be  assigned  to  them, 
I  shall  quote  the  summary  of  the  development  of  the  water- 
Pulnionata,  given  by  Kefersteiii  in  Bronu's  invaluable 
•  Thierreich,'  followed  by  a  statement  of  the  points  in  which 
my  observations  traverse  or  supply  important  omissions  in 
that  summary. 

Keferstein  says  (p.  1230  of  the  third  volume  of  the  above- 
named  work) : 

"  The  Pulmonata  of  flesh  waters  exhibit  the  closest  agree- 
ment with  the  Prosobranchiata,  excepting  that  in  them  all 
trace  of  a  velum  is  wanting  (a).  We  possess  very  numerous 
and  elaborate  memoirs  on  the  development  of  Limnteua,  espe- 
cially by  Stiehel,  Dumortier,  Pouchet,  Karsch,  Warneck, 
Lereboullet,  &c. ;  on  that  of  Planorbis  we  have  the  researches 
of  Jacquemin,  &c. ;  so  that  the  facts  are  here  accurately 
known.  We  confine  ourselves  in  the  following  remarks  to 
LimtitEus. 

"  Two  hours  after  the  egg  is  laid  its  cleavage  commences, 
aa  a  consequence  of  which  at  once  one  or  two  so-called 
Kichtungsblaschen  are  pushed  out  by  the  contraction  of  the 
yelk,  and  then  a  first  circumferential  cleft  extends  itself 
round  the  spherical  egg-mass.  The  germinal  vesicle  is  no 
longer  visible  in  the  impregnated  yelk ;  but  shortly  before  the 
equatorial  cleft  is  formed  a  clear  speck  is  visible  in  the  yelk, 
which,  according  to  Waiuect,  teiioTJaes  hiacuit-shaped,  a 
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□□ally  divides  into  two  clear  epecks,  of  which  one  is  found  in 
each  half  of  the  cleft  yclk-masB.  These  clear  specks  are 
undoubtedly  true  nuclei  of  the  cleavage  spheres,  but  no  con- 
nection between  them  and  the  germinal  vesicle  could  be 
demonstrated.  These  nuclei  divide  again,  and  at  the  same 
time  the  yelk  is  seen  to  fall  into  four  masses  by  the  formation 
of  a  second  cleft.  According  to  Lereboullet  all  the  cleavage- 
spheres  fuse  themselves  into  a  homogeneous  mass  before  each 
new  segmentation  every  time,  and  then  separate  again  and 
commence  the  processof  further  cleavage.  According  toQuatre- 
fages  the  same  thing  occurs  in  [he  annelid  Sahellaria.  From 
the  midst  of  four  cleavage-spheres  so  formed  and  lying  in  one 
plane  arises  now  a  clear  vesicle,  which  quickly  divides  into 
four  small  nucleated  spheres,  and  soon  both  the  four  large  and 
four  small  spheres — always  preceded  by  their  nuclei — again 
divide,  so  that  the  egg  now  consists  of  sixteen  nucleated 
cleavage-spheres  (b).  The  large  spheres  overgrow  now  with 
their  progeny  the  smaller,  and  we  have  at  last  a  spherical 
mass,  which  consists  externally  of  large,  internally  of  small 
cleavage-spheres,  accordingly  exactly  the  reverse  of  what 
occurs  with  the  cleavage-spheres  of  the  Opisthobranchiata 
and  Prosobranchiata  (c).  Finally,  however,  the  segmented 
egg  consists  of  large  nucleated  cells  '02  to  ■035  mm.  in 
diameter,  which  do  not  as  yet  present  any  cell-inembrane, 

"  At  the  end  of  the  second  day  modifications  of  this  cell- 
maas  are  seen.  On  one  side  the  cell-mass  hollows  itself 
out,  then  flattens  itself,  and  at  the  same  time  the  in-sinking 
narrows  its  area,  so  that  ihe  mass  presents  a  cavity  within 
and  a  narrow  emarginated  opening  leading  into  it.  These 
are  the  alimentary  cavity  and  the  mouth  f  d)  ;  the  outer  cells 
are  still  larger  than  the  inner  ones.  Beneath  the  mouth  the 
body  now  flattens  itself  out  and  forms  a  process — the  foot,  and 
the  embryo  begins  now  its  well-known  and — since  the  time 
of  Leuwenhoeck — celebrated  slow  movements  of  rotation. 
This  rotation  must  be  ascribed  to  cilia ;  but  they  are  so  fine 
that  they  have  not  been  seeu  in  Lim?iaus,  although  one  may 
suppose  by  analogy  that  they  exist  especially  on  the  foot  (e). 
The  foot  grows  more  and  more  prominent,  and  the  body 
becomes  partially  embraced  by  an  annular  ridge,  in  which  the 
later  mantle-margin  is  soon  recognised  (f).  From  behind 
now — over  against  the  mouth — a  new  in-sinking  is  formed, 
anus  and  rectum,  which  grows  up  against  the  primitive 
ahmentary  cavity,  and  finally  unites  with  it  (a).  The  ali- 
mentary tract  now  becomes  hollowed  out,  and  in  its  neigh- 
bourhood large  yelk-spherea  are  formed,  the  first  rudiments 
of  the  liver  (h). 
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"As  yet  the  alimentary  tract  traverses  the  body  almost  itf^^ 

straight  line  (i);  but,  now  as  tbe  body  becomes  more 
elongated  and  cylindrical,  it  begins  to  bend  on  itself,  and  the 
anus  takes  up  a  position  forward  on  the  right-hand  side.  At 
the  same  time  the  mantle-margin  grows  greatly,  and  tbe 
hinder  part  of  the  body  rises  up  in  a  dome-like  fashion.  On 
it  one  can  now  observe  the  small  cap-like  shell  (g),  and  in 
the  body  a  to-and-fro  circulation,  such  as  is  seen  in  a  much 
more  marked  manner  in  the  land  Fulmonata. 

"  The  foot  forms  now  a  prominent  bilobed  process,  and  above 
it  near  the  mouth,  which  also  begins  to  push  forward  in  a 
snout-like  fashion  (k),  the  tentacles  are  seen,  and  at  their 
bases  the  eyes.  The  mantle  ridge  arches  now  more  and  more 
widely  forward  and  raises  itself  up,  so  that  we  can  now 
clearly  distinguish  a  lung-chamber,  in  which  ciliary  move- 
ment is  observed ;  also  the  heart  is  recognised  by  its 
contractions  in  the  middle  line  behind  the  mantle-ridge. 

"  In  the  neck  region  the  first  rudiment  of  tbe  nervous 
system  is  now  seen  (l),  whilst  the  foot  grows  considerably, 
as  also  the  shell -hearing  hind -body. 

"  In  the  pharynx  the  commencement  of  the  odontophor  is 
seen,  and  in  tbe  further  developed  lung-chamber  the  kidney. 
Upon  the  eye-pigment  a  lens  is  now  clearly  seen,  and  now, 
at  last,  according  to  Lereboullet,  tbe  otocysts  make  their 
appearance,  which  in  most  snails  appear  in  a  much  earlier 
stage. 

"  At  first  the  otocysts  are  empty,  but  gradually  the  otoliths 
are  secreted,  and  cilia  appear  on  the  walls  of  the  sacs. 

"  Tbe  embryo  is  now  so  large  that  it  fills  up  the  egg-shell, 
and  soon  breaks  it  and  creeps  out.  The  rate  of  development 
vanes  much,  according  to  temperature,  hut  lasts  at  least 
twenty  days,  and  may  take  double  that  time." 

In  reference  to  the  passages  lettered  in  the  preceding  quo- 
tation, the  observations  recorded  in  this  paper  lead  to  the 
following  corrections : 

A.  The  velum  is  not  wanting  in  the  freshwater  Fulmonata ; 
in  its  earlier  annular  and  in  its  later  heart-shaped  form  it  is 
well  developed,  and  becomes  the  subtentacular  lobes  of  the 
adult  Lymnfeus. 

B.  The  origin  of  the  four  smaller  cells  from  a  single 
pellucid  cell,  coexisting  with  four  larger  cells,  is  not  satisfac- 
torily demonstrated,  such  a  single  pellucid  cell  being  possibly 
only  a  Richtungsblasclien. 

c.  Nor  is   the    enclosure    of  the    smaller    by   the    larger 
cleavage -spheres  clearly  made  out,  though  possible  enough. 
D.   The  in-sinking  and  its  or&ce  atft  ■n(»\.  vVe.  a-UmenW^ 
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cavity  and  mouth,  but  the  gaBtruIa-stomach  and  orifice 
of  invagination  ;  the  latter  closes  up,  and  the  pedicle  so 
formed  becomes  the  rectum,  which  terminates  blindly. 

E.  With  a  good  English  quarter,  or,  better,  with  Hartnack's 
10  immersion,  and  the  use  of  osmic  acid,  the  cilia  which 
cause  the  rotation  may  be  seen.  They  are  disposed  on  an 
annular  band,  the  commencing  velum. 

F.  The  annular  ridge  has  nothing  to  do  with  the  mantle's 
margin,  but  is  the  velum, 

a.  The  new  in-sinking  has  no  connection  with  the  anus  or 
rectum,  which  latter  already  ia  taking  shape  in  the  pedicle 
of  invagination.  It  is  the  "  shell-gland,"  a  structure  com- 
mon to  many  embryo  mollusca,  but  hitherto  unrecognised. 

H.  The  so-called  large  yelk-spheres  are  not  now  first 
formed,  but  have  been  there  all  the  time,  forming  the  wall  of 
the  invaginated  gas  tru  la -stomach.     They  now  undergo  ira- 

fiortant  segregative  changes,  and  present  the  appearance  of 
arge  clear  globules,  covered  in  by  a  fine  granular  reticulum. 

I.  The  alimentary  canal  is  from  the  first  bent,  the  crecal 
termination  of  the  rectum  lying  a  little  forward,  and  not 
opposite  the  mouth. 

J.  The  shell,  as  an  exceedingly  delicate  membrane  on  the 
surface  of  the  shell-patch  (in  the  centre  of  which  lies  the 
shell-gland),  is  observable  long  before  this. 

K.  The  mouth  never  pushes  forward,  but  rather  becomes 
sunk  and  enclosed  by  the  increasing  development  of  the 
border  of  the  velum,  where  it  overhangs  the  mouth.  This 
part  of  the  velum  forms  the  subtentacular  lobes  of  the 
adult. 

L.  It  can  be  seen  at  a  very  much  earlier  period. 
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A   Note   an   Endotheliom.     By   John    Cavafy,    M.D., 
Assistant -Physician  and  Lecturer  on  Physiology  at  St. 

George's  Hospital. 

In  the  last  number  of  this  Journal'  there  is  a  paper  by 
Dr.  M,  Foster,  "  On  the  term  Endothelium,"  in  which  he 
gives  various  reasons  against  the  further  use  of  this  word  in 
histological  terminology.  He  objects  to  the  word,  both 
because  its  etymology  is  "  of  the  most  grotesque  kind,"  and 
also  on  far  more  important  anatomical  grounds. 

Much  that  is  brought  forward  by  Dr.  Foster  is,  doubtless, 
true;  but  some  portion  of  his  statement  must,  I  think,  be 

v  '  'Quart,  Jouru.  otMic.Soi.;  W^.v-"*^^- 
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admitted  to  be  mistaken,  and  he  has  completely  pass 
some  important  reasons    which  exist  for  maintaining   the 
separate  terms  originally  proposed  by  His, 

In  the  first  place,  the  word  is  not  quite  so  ridiculous,  ety- 
mologically,  as  it  is  represented  to  be  by  Dr.  Foster.  The 
word  endothelium  is  obviously  a  contraction  of  endo-epithe- 
Hum,  and  means  an  epithelium  which  is  within  {evSov  or 
ivTot,  inius)  or  internal,  i.  e.  it  means  precisely  what  His 
intended  to  signiiy,  and  is  only  so  far  a  misnomer  as  (epi)- 
thelium  is  concerned,  since  it  covers  "  surfaces  of  which  one 
great  characteristic  is  that  they  are  devoid  of  papillse  ;"  but, 
as  Dr.  Foster  says,  this  extension  of  the  meaning  of  Kuysch'a 
original  terms  epUhelis  (of  which  epithelida  is  t£e  accusative 
case)  and  epithelia  "  may  be  easily  allowed."  Endothelium 
does  not  mean  "  that  which  is  inside  a  papilla"  any  more 
than  entoderm  means  "  that  which  is  inside  a  skin ;"  eado- 
plasi,  "  that  which  is  inside  a  formation ;"  or  even  entosoon, 
"that  which  is  inside  an  animal."  The  real  meaning  of 
these  terms  Dr.  Foster  will,  doubtless,  admit  to  be  "an 
internal  skin,  formation  (nucleus),  and  animal."  The 
etymological  objections,  therefore,  do  not  hold. 

Let  ua  now  consider,  shortly,  whether  the  physiological 
differences  between  epithelium  and  endothelium  are  sufficient 
to  warrant  the  use  of  separate  terms. 

Dr.  Foster  says  that  endothelium  cannot  be  employed  to 
denote  the  epithelium  derived  from  the  mesoblast,  "for  it 
would  then  include  structures  still  called  epithelium,  and 
differing  in  no  essential  characters  from  the  epithelium 
derived  directly  from  the  hypoblast."  But  we  should  not 
forget  that  the  mesoblastic  origin  of  genito-urinary  epithe- 
lium may  be  more  apparent  than  real.  Waldeyer^  has  sug- 
gested that  its  real  origin  is  most  probably  from  cells  of  the 
epiblast,  which  have  become  mixed  with  those  of  the  meso- 
blast at  the  time  of  the  formation  of  the  primitive  groove. 
This  view  is  not,  of  course,  susceptible  of  actual  demonstra- 
tion; but  it  is  known,  at  any  rate,  that  the  mesoblast  becomes 
closely  fused  with  the  epiblast  in  the  region  of  the  axial  cord 
of  His,  and  then  again  separates ;  and  that  it  is  after  this 
separation  that  the  Wolffian  and  Miillerian  ducts  are  formed. 
It  is  therefore  quite  possible  that  the  cells  lining  these 
organs  and  their  derivatives  may  be  really  derived  from  the 
epiblast.  Physiologically,  at  any  rate,  they  are  true  epithe- 
lium, and  not  endothelium,  i.  e.  they  are  concerned  with 
secretion,  which  is  never  the  case  with  endothelium.  The 
sniall  quantity  of  fluid  which  bathes  the  surface  of  serous 
^  '£ie»to^  uaiL  B,'  ^¥-  'V'W-WV.  ^^^^_ 
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■'ftnd  synovial  membranes  is  a  filtration  or  transudation,  not  a 
true  secretion  in  the  ordinary  physiological  sense  of  the  word, 
for  endothelium  never  forms  glands,  ■whereas  a  share  in  gland- 
formation,  and,  consequently,  secretion,  is  a  constant  charac- 
teristic   of  epitheHum,   whether   derived   from   epiblast   or 


As  Dr.  Foster  says,  continuity  "  affords  no  argument 
whatever  for  classing  ....  together.  We  find  continuity 
everywhere."  But  in  the  case  of  endothelium  we  find  in  one 
most  important  instance,  not  only  continuity,  but  something 
more.  What  takes  place  in  the  growth  and  development  of 
capillary  blood-vessels  and  lymphatics?  We  have  in  each 
case  a  vacuolation  and  excavation  of  connective -tissue-cor- 
puscles, whose  protoplasm  becomes  ultimately  changed  into 
endothelial  plates,  and  we  may  find  every  transitional  form 
between  a  flattened  connective-tissue-corpuscle  occupying 
the  lymph  canalicular  system  and  the  endothelium  forming  the 
wall  of  the  lymphatic  vessel  with  which  it  communicates. 
We  have  here,  therefore,  to  do  with  convfrtibility  as  well  as 
continuity ;  and  if  Dr.  Foster  admits  that  the  connective 
tissues  form  a  natural  group  derived  from  the  mesoblast,  of 
which  convertibility  of  one  member  into  another  (well  seen 
in  pathological  conditions)  is  one  of  the  most  striking  cha- 
racteristics, I  do  not  see  how  he  can  exclude  endothelium 
from  a  very  close  connection  and  relationship  with  the 
members  of  that  group.  In  fact,  the  most  recent  researches 
on  connective  tissues  have  established  a  nearly  complete 
identity  between  endothelium  and  connective -tissue-cor- 
puscles, and  this  identity  is  strikingly  evidenced  by  the 
close  similarity  of  the  pathological  changes  which  they 
both  undergo.^ 

Now,  in  the  case  of  epithelium,  not  only  has  no  such 
connection  with  connective  tissues  been  observed,  but 
there  are  marked  difierences  between  their  respective 
pathological  changes.  The  views  of  Heidenhain  as  to  the 
continuity  of  the  cylindrical-  epithelium  covering  the  villi 
of  the  small  intestine  with  branched  connective -tissue- cor- 
puscles   in   the   stroma   have    been    rendered     more    than 

I  "Le9  cellules  (Ju  tissu  couiunctif  sout  platea,  CDatieiineDt  des  uojaii£ 

Elats,  et  sout,  s implement  appliqnfea  sur  les  fruaceauK  du  tissu  coujonctif. 
I  serait  cumpleteiucDt  impoasibte  de  recaDnaltre  une  cellule  endotli£liale 
Isolde  de  la  pinpart  dea  cellules  dn  tissu  conjonctit." — Ranvier,  art. 
"  Epitielimi,"  '  Nouveau  IKctioniiairB  do  Mfidecine,'  vol.  xiii,  p.  6S7. 

"  Les  alturatiotu  des  eereueea  .  .  .  pr^aeoteot  nne  analogie  cotn- 
lete  avec  celles  du  tisau  conjonctif," — Carnil  and  Banvier,  '  MJiDael 
'Biatologie  pathologique,'  p.  i&S. 
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doubtful  by  the  iin[>arUi)i  obaensboos  of  Mr.  WaCBrj<  • 
inUttiiwl  abaoTpliou,  wliicb  be  has  thovB  id  take  placr,  aaT" 
trough  the  epithelium  itself,  but  by  pKadtMCDBBtB  ibcaed 
by  proc«ues  of  connective- tta«QiC-coip«*ck»,  wUek  pnyed 
between  the  epithc-tium,  with  wluch  tfaej-  are  nercr  mUo- 
tnically  continuous. 

We  have,  then,  in  the  case  of  endotbelhiiB.  not  oalj  as 
undoublcd  mt^Koblastic  origin,  bat  a  doee  relalioaahip  witli 
connective  tiKAuca ;  its  ceUa,  nvoreorer,  oerei  foiiB  ^aodi 
nor  H^cretc.  E]>itbclium.  on  the  other  band,  hat  a  doobtfal 
cU-rivatioii  from  the  mesoblasl ;  glaad-formation  and  secretioa 
arc  amoni;  Its  most  constant  and  striking  cliaracteiistics, 
and  it  ha«  abtolutely  no  relationship  with  the  coooectiTe 
tissues.  Notwithstanding,  therefore.  Dr.  FoGter's  statement 
(p.  !d92)  that,  "  In  short,  there  is  no  reason  why  the  cells 
KjKikoii  of  as  forming  endothelium  should  have  a  cotniDon 
Htlc,  distinct  from  the  general  term  epithelium,"  I  mitfl 
confess  thut  T  nin  not  convinced,  but  think  that  the  leaaons 
I  have  given  above  are  sufficient  to  render  the  use  of  sepa- 
rato  terma  nt  least  opportune — "  im  Interes«e  phjsiolo- 
giichen  VerstiindnisHes." 
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Desckihtion   '// «7«   ApPARATtJS'ybr  Maintaihi!«g   a       

STANT  Tkmpbhature  utider  the  Microscope.  By  E.  A. 
ScitAKBK,  Assistant- Professor  of  Physiology  in  Universiiy 
Cotloge,  London. 
Thk  nocoBsity  of  having  the  means  of  conveniently,  but  at 
the  same  time  accurately,  maintaining  objects,  especially  the 
living  tissues,  under  ohacrvation  at  a  uniform  temperature 
(goncrally  that  of  the  body)  becomes  more  obvious  every  day. 
The  existing  methods  of  effecting  this  are,  as  a  rule,  not 
sufHcieiitly  accurate  for  exact  investigations ;  and,  on  the 
other  hand,  the  more  accurate  modes  are  frequently  in- 
convenient of  application.  For  example,  the  apparatus 
described  by  Strieker  and  Burdon- Sanderson  in  this  Journal 
for  1870, — although  it  is  possible  by  its  aid  to  maintdn 
a  constant  temperature  under  the  microscope  tor  a  con- 
siderable time, — yet  requires  that  there  should  be  a  vessel 
of  water  constantly  boiling  near  the  observer,  and  that 
the  water  in  this  vessel  should  be  maintained  at  a  uni- 
form level,  necessitating  a  supply  tube  from  a  cistern,  and 
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an  overflow  tube  to  a  waste  pipe.  Moreover,  since  the  tem- 
perature of  the  stage  ia  regulated  by  the  rate  at  wliich  the 
heated  water  ia  allowed  to  How  through  it,  aud  this  again  ia 
made  to  depend  upon  the  difi'erence  of  level  between  the 
orifice  of  the  exit  tube  which  leads  from  the  stage  and  the 
height  of  the  boiling  water  in  the  reservoir,  and  since  this 
requires  a  rather  complicated  screw  mechanism  accurately  to 
adjust  the  level  for  different  temperatures  (not  to  mention 
the  Dumcroua  india-rubber  tubes  requisite  for  connecting  the 
various  parts  of  the  apparatus],  it  ia  evident  that,  although 
the  apgiaratus  in  question  may  be  well  enough  adapted  for  a 
laboratory,  it  is  less  applicable  to  individual  and  private 
work.  The  apparatus  to  be  here  described,  the  main  prin- 
ciples of  which  are  a  constant  circulation  of  water  and  the 
introduction  of  a  gas  regulator,  will,  it  is  beheved,  be  found 
simple  and  convenient  in  application,  and  capable  of  maiu- 
taining  with  almost  absolute  constancy  any  desired  tempera- 
ture for  an  indefinite  time. 
^B     The  apparatus  consists  of  a  closed  brass  box,  oblong  in 
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ml  outlet  tubes,  uncoanected 
of  stage,  sliowiug  iUg  manner 
Qtral  chamber,  and  tiie  direc' 


FiG-  1. — a.  View  of  warm  atage  witli  inlet 
with  heating  appiratua.  it.  Horiioutal  acctio; 
in  wbicb  the  tnermometer  ia  passed  into  the  c 
tion  of  the  current  of  water  in  the  stage. 

form  {fig.  1,  a),  which  rests  upon  the  stage  of  the  microscope, 
a  cylindrical  chamber  (fig.  2,  A,  in  vertical  section)  being  left 
in  the  centre  of  the  box  for  the  transmission  of  light  fi-om 
the  mirror  to  the  object  (as  in  Strieker's  warm  stage).  From 
each  end  of  the  box  a  tube  passes  (inlet  and  outlet),  and  the 
tubes  are  connected  the  one  to  the  other  by  india-rubber 
tubing,  so  that  there  ia  thus  formed  a  closed  circuit,  wliich, 
when  the  apparatus  is  ready  for  working,  ia  entirely  filled 
■with  water.  A  vertical  reservoir  (fig.  2,  c),  of  not  much 
greater  capacity  than  an  equal  length  of  the  counectiug  tube, 
is  interpolated  in  the  circuit  at  a  point  not  far  from  the  inlet 
of  the  stage,  in  such  a  manner  that  the  upper  end  of  the 
reservoir  is  connected  with  the  inlet  tube,  the  lower  end 
with  the  outlet.  The  reservoir  suiTounds  the  bulb  of  a 
mercurial  gas  regulator  (fig.  2,  d ;  and  fig.  3),  and  is  heated 
below  by  a  minute  gas  flame ;  it  will  be  readily  understood 
that  the  heated  water  iu  the  reservoir  must  rise  up  through 
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tUe  inflow  tube  into  the  stage,  while  the  colder  fluid  paaa 
into  the  reservoir  through  the  lower  tube  to  supply  its  place. 
Fig.  2.  Fio.  3. 


I 
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FiQ.  3. — Ideal  section  of  apparfttns.  *.  Central  chamber  in  sti^. 
e.  Vertical  reaervoir  heated  by  small  gas  flame  below,  and  enclosing  bulb  of 
mercurial  regulator,  d.  e,  e.  Connecting  tube  of  India  rubber.  The  arrows 
tbow  the  direction  of  tiie  gaa  in  the  regulator  and  of  the  currents  of  water 
in  the  heatini;  appnratua  reii|)cctirel7. 

Fig.  3. — Gas  regulator,  about  natural  size.  j,y.  Upper  part  of  bnlb 
(rather  small  in  proponion).  a.  Tube  with  side  openings,  to  the  lovBt  of 
which  is  attached  the  steel  collar  i,  in  trhich  works  the  screw  ff.  /,  Smali 
steel  tube  with  slit,    i,  i.  Mercary.   Thearrowaahow  thedirectionofthegaa. 

The  chamber  in  the  centre  of  the  stage  is,  when  in  use, 
ch)3ed  below  by  a  circular  cover-glass,  which  is  placed  on  a 
rim  made  for  its  reception,  and  previously  oiled ;  above,  it  u 
covered  by  the  cover-glass,  on  which  the  object  is  placed;  it 
communicatee,  however,  with  the  exterior  by  means  of  a 
small  lateral  tube  which  passes  through  the  body  of  the 
stage,  but  is  entirely  shut  otf  from  the  surrounding  fluid. 
The  bulb  of  a  small  thermometer  may  be  introduced  through 
this  lateral  tube  whenever  it  is  wished  to  ascertain  the  tem- 
perature of  the  central  chamber  (see  fig.  1,  c,  in  horizontal 
section).  This  method  of  measuring  the  temperature  has  a 
considerable  advantage  over  that  in  which  the  thermometer- 
bulb  encircles  the  wall  of  the  chamber  and  lies  in  the 
surrounding  fluid,  for  this  last  is  always  very  perceptibly 
warmer  than  the  interior  of  the  chamber.  It  has  the  dis- 
advantage that  observations  cannot  be  made  while  the  ther- 
mometer is  zn  aii^,  but  this  can  be  met  by  slightly  withdrawing 
the  instrument  into  the  lateral  tube.  Indeed,  ordinarily  it 
rill  be  sufficient,  when  the  desired  temgecature  is  attained 
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and  the  regulator  set,  to  remove  the  thermometer  altogether ; 
the  lateral  tube  may  then  servCj  if  necessary,  for  the  iatro- 
duction  of  a  small  tube  conducting  gas  or  vapour  to  the 
specimen  under  observation. 

The  gas  regulator  may  be  described  aa  a  mercurial  thermo- 
meter with  its  tube  open  above,  and  with  two  side  tubes  leading 
from  it,  one  near  the  bulb,  the  other  near  the  top  (fig.  3).  To 
the  lower  side  tube  is  cemented  a  steel  collar  [A),  in  which  a 
screw  of  the  same  metal  accurately  fits ;  by  working  this  screw 
the  mercury  may  be  raised  or  lowered  in  the  thermometer 
tube.  A  fine  steel  tube  (/),  with  a  sht  at  its  lower  end,  passes 
down  a  certain  way  into  the  thermometer,  being  cemented 
around  its  upper  orifice.  The  gas  is  made  to  pass  down  this 
fine  steel  tube,  and  then  up  between  it  and  the  walls  of  the 
thermometer  tube ;  finally,  it  is  conducted  out  by  the  npper 
aide  tube,  and  by  means  of  india-rubber  tubing  to  the  burner 
below  (as  indicated  by  the  arrows  iu  figs.  2  and  S). 

To  "  set "  the  regulator,  when  the  central  chamber  of  the 
stage  has  attained  the  desired  temperature,  all  that  is 
necessary  is  to  turn  the  steel  screw  until  the  mercury  is 
forced  up  to  the  siit  in  the  steel  tube ;  the  gas  is  now  cut  o£F, 
except  what  can  pass  through  the  slit,  and  the  fiame  is  con- 
sequently very  small;  the  temperature  of  the  water  in  the  reser- 
voir consequently  tends  to  be  diminished,  and  the  mercury 
in  the  thermometer  tube  to  fall,  but  the  moment  this  com- 
mences more  of  the  slit  becomes  uncovered,  more  gas  passes 
through,  the  flame  is  increased,  and  the  temperature  re- 
established. It  is  easy  to  understand  that  if  the  steel  screw 
below  is  withdrawn  somewhat,  the  mercury  will  not  rise  up 
to  the  slit,  and  will  not  therefore  cut  off  the  gas  until  the 
temperature  of  the  water  has  risen  proportionately  higher 
than  before.  By  screwing  out  or  in  every  needful  variation  of 
temperature  of  the  water  in  the  reservoir,  and  through  this 
of  the  stage,  may,  as  before  said,  be  obtained. 

It  is  easy  to  fill  the  closed  circuit  before  described— con- 
sisting of  the  reservoir,  the  stage,  and  the  connecting  tube  of 
india-rubber— with  water  (which  should  have  been  previously 
boiled  and  allowed  to  cool},  and  once  filled  it  will  remain  so, 
provided  the  India  rubber  be  securely  "  wired  "  over  the  metal 
so  as  to  exclude  the  possibility  both  of  leakage  and  of  the 
admission  of  air.  The  india  rubber  will,  of  course,  readily 
adapt  itself  to  the  varying  volume  of  the  fluid,  consequent  on 
the  changes  of  temperature  to  which  it  is  esposed.  It  is  im- 
portant to  employ  as  wide  india-rubber  tubing  as  the  metal 
tubes  will  allow,  so  that  no  obatructiou  may  be  offered  to 
■  tlie  free  circulation  of  the  water. 
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In  the  first  experiments  the  gas  regulator,  which  in  that 
case  was  made  to  depend  on  the  expansion  of  air,  was  placed 
within  the  body  of  the  stage,  but  under  these  conditions  the 
temperature  was  found  to  vary  within  slight  limits^  according 
to  the  varying  pressure  of  the  gas  supply,  just  as  an  air 
thermometer  varies  with  the  barometric  pressure ;  there  is, 
besides,  a  disadvantage  in  having  the  regulator  at  a  distance 
from  the  source  of  heat.  By  employing  the  expansion  of 
mercury  to  cut  off  all  the  superfluous  gas,  and  by  placing  the 
regulator  directly  over  the  liame,  the  utmost  constancy  and 
delicacy  are  attained. 

I  It  is  much  to  be  regretted  that,  although  we  can  learn  the 

exact  temperature  of  tiie  chamber,  we  have  at  present  no 
means  of  ascertaining  how  much  that  of  the  object  under  ex- 
amination may  differ  from  this ;  nevertheless,  it  is  certain 
that  the  proximity  of  the  objective  of  the  microscope  produces 
a  considerable  amount  of  cooling.  If  it  be  desired  to  reduce 
this  by  warming  the  objective,  it  is  not  difficult  to  introduce 
by  means  of  glass  X-tubes  a  secondary  circuit  of  india  rubber, 
the  middle  of  which  shall  coil  around  the  objective,  wliilat 
the  ends  shall  be  conuected,  the  one  with  the  ascending  or 
inflow  tube  of  the  primary  circuit,  the  other  with  the 
descending  or  outflow  tube. 

The  reader  will  have  noticed  that  the  method  by  which 
the  circulation  is  maintained  in  the  apparatus  here  described 
is  precisely  the  same  as  that  employed  in  the  hot-water 
apparatus  now  so  extensively  used  for  warming  houses  and 
conservatories ;  moreover,  the  principle  of  gas  regulation  is 
familiar  to  every  laboratory  student,  and  the  screw  regulator 
below  is  a  modification  of  a  contrivance  used  in  some  forms 
of  barometer  for  altering  the  level  of  the  mercury.  Nothing, 
therefore,  is  claimed  on  the  score  of  novelty,  at  the  same 
time  it  is  hoped  that  this  adaptation  of  ordinary  means  to 
microscopical  ends  may  prove  of  some  service  to  the 
histologist. 

'  The  author  resreta  that  the  figures  have  been  eieculed  on  too  sniall  a 
scale.  The  following  are  some  ot  ibe  actual  niGaaurements  (in  indies  and 
frections  of  an  inch)  oF  the  different  parts  of  the  apparatus  : 

Stags. — 3^  X  1^  X  -^  inch;  diameterof  central  chamber  of  staged  ineli; 
diameter  of  Inlet  aod  outlet  tubes -/^  inch;  diameter  of  tube  for  tbennorocter 

Meiervoir. — Heiirht  2  inchea;  outside  diameter  If  inch;  diameter  of 
eavity  for  gas-regulator  1  iocb;  stand  for  reservoir  (containing  pin-hole  gas 
^  bnmer)  about  2i  inches  high.  The  siand  maj  be  of  tlie  same  diameter  as 
^L  tiie  reservoir,  but,  for  the  aaicB  of  stability,  should  have  a  broad,  heavy  foot. 
^H  Qas-r^alaior.—huib  1!  X  J  inch ;  lumen  of  tube  about  ^  inch ;  lengLh 
^^Bf  tube  3  or 4  inches;  thickness  of  side-screw  nhont  |  inch. 
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On  the  Smallpox  of  Sheep.— Klein  ('  Proc,  Roy.  Soc.,'  1874, 
No.  153)  describes  the  lievelopnient  of  the  primary  pock  at 
the  point  of  inoculation  in  this  disease,  which  closely  re- 
Bembles  human  smallpox ;  the  fresh  lymph  used  for  inocula- 
tion contains  very  minute  spheroidal  micrococci  and  other 
forms  not  previously  deacrihed,  but  closely  related  to  micro- 
cocci. He  notes  three  stages  in  its  development — 1.  A  pro- 
gressive thickening  of  the  iutegument  over  a  rapidly  in- 
creasing but  well-defined  area.  2.  The  formation  of  vesicular 
cavities  containing  clear  liquid  in  the  rete  Malpighli ;  and  3, 
the  filling  of  these  cavities  with  pus-corpuscles  and  other 
structures.  About  the  third  day  after  the  pock  has  ap- 
peared, there  appear  in  the  granular  material,  which  now 
distends  the  lymphatics,  spheroidal  or  ovoid  micrococci,  and 
branched  filaments,  either  sparse  or  closely  fitted  together. 
This  vegetation,  after  one  or  two  days,  presents  the  character 
of  a  mycelium,  from  which  moniliform  terminal  filaments 
spring,  each  of  which  breaks  off  at  its  free  end  into  conidia. 
The  vesicles  coalesce  into  inegular  sinuses,  and  contain 
similar  masses  of  vegetation,  the  filaments  of  which,  hotv- 
ever,  are  of  such  extreme  tenuity,  and  the  conidia  so  small 
and  numerous,  that  the  whole  possesses  the  characters  of 
zoo  laa  ather  than  of  mycelium.  The  rele  Malpighii  be- 
con  es  fill  d  with  migratory  cells  which  originate  in  the 
n  heae  soon  find  their  way  to  the  cavities  formed  by 
he  al  ed  vesicles,  which  are  thus  converted  into  micro- 
s  op    al      Ueclions  of  pus -corpuscles. 

The  Peach-coloured  fiacterinin  {'  Quart.  Jonni.  Micr.  Sc.,' 
18(3,  p.  408). — Professor  Ferdinand  Cohn,  of  Bieslau,  writes, 
under  date  August  8th,  to  Mr.  Ray  Lankester: 

"  Your  Jiacterium  rubescens  is  the  same  thing  which 
Ehrenberg  described  (but  did  not  figure)  in  his  great  work 
under  the  name  Monas  Okeni.  The  zooglcea-like  i'orni  was 
called  by  Kiitzing  Prolococcus  roseo-persicinus,  but  was  puh- 
lished  by  myself  last  year  in  Rabenhorst's  collections  '  Cen- 
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tutien  der  Susswasser  Algen  Europas/  under  the  name  of 
Clathrocystis  roeeo-persicina,  the  adult  form  belonging  to  the 
genus  Claihracystis  of  Henfirey.  I  took  much  pains  with  the 
study  of  these  curious  organisms  last  year,  before  I  'was  ac- 
quainted with  your  memoir  on  Bacterium  rubescens,  and  I 
had  in  view  to  publish  ray  researches  in  the  next  part  of  my 
'  Beitriige  zur  Biologie,'  but  the  number  has  been  delayed  up 
to  this  moment. 

"  I  must  confess  that,  though  I  had  strong  suspicion  of  a 
genetic  connection  between  Monas  Okeni  and  Claihracystis 
roseo-persicina,  both  being  commonly  found  together,  yet  I 
could  never  find  any  convincing  proof  of  it, 

"  I  shall  put  the  growth  you  favoured  me  with  into  the 
conditions  described  in  your  letter,  and  I  hope  to  find,  after 
my  return  from  my  summer's  hohday,  the  development  of 
the  organism." 

Mr,  Lankester  has  observed  further  very  interesting  phases 
in  the-life  history  of  this  alga,  which  will  be  described  in  an 
early  number  of  the  Journal.  The  most  remarkable  are  large 
subspherical  bodies,  reaching  as  much  as  200th  inch  in  dia- 
meter. These  are  entirely  homogeneous  in  structure,  and 
deeply  stained  with  Bacterio-purpurin.  They  appeared  in 
the  winter  months,  when  the  growth  died  down  to  a  very 
small  size.  Finely  granular  bodies  and  somewhat  more 
coarsely  granular  bodies  of  the  same  character  were  also 
found,  leading  by  an  easy  transition  to  the  spherical  agglome- 
rations of  homogeneous  oval  plastids  (zooglcea-like  aggrega- 
tions) figured  in  the  Journal,  October,  1873,  from  which  it 
appears  probable  that  the  large  structureless  bodies  develop  by 
a  multicentral  segregation  into  the  loosely  connected  aggre- 
gations of  Bacterium-like  plastids. 

The  Uode  of  Occorrence  of  Chlorophyll  in  SpongUlft. — Mr, 
H.  C.  Soiby  is  at  present  engaged  in  an  examination  of  the 
green  colouring  matter  of  Spongilla  with  the  spectroscope. 
In  1869  I  made  some  observations  of  the  kind  (published  in 
the  '  Journal  of  Anatomy  and  Physiology '),  and  showed  by 
spectroscopic al  evidence  that  chlorophyUoid  colouring  matter 
was  present  in  this  organism.  Mr.  Sorby  informs  me  that 
he  has  recognised  in  Spongilla  all  six  of  the  chlorophyll- 
constituents  which  he  has  distinguished  in  the  higher  plants 
(see  his  paper  on  "  Vegetable  Chromatology,"  '  Proc.  Royal 
Society,'  1873).  I  have  recently  examined  the  morpho- 
logical character  of  the  chlorophyll  of  Spongilla.  I  find 
that  among  the  amoebiform  sponge -par  tides  of  a  green- 
coloured  specimen  of  Spongilla,  some  are  composed  of  naked, 
Bnely  molecular,  colouilesB  ^T<3to^\%aTii,  X^q'wvci^  qu.!  abao- 
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lutely  hyaline  lobose  pseudopodia.  The  outline  of  tlie  nucleus 
is  not  strongly  marked,  but  the  nucleolus  is  obvious  enough. 
In  others  you  may  find  one  or  two,  three  ot  four,  or  a  crowd 
of  twenty  green -coloured  granules.  These  granules  have  a 
uniform  size,  and  a  peculiar  form,  being  concavo-convex  discs 
or  cups. 

Spongilla,  as  is  well  known,  is  frequently  colourless,  or 
rather  of  a  pale  salmon  colour.  Hence  it  might  be  suggested 
that  the  gieen  granules  (the  chlorophyll- bearers)  are  para- 
sitic, as  it  has  been  suggested  that  the  starch-bearing  yellow 
cells  of  Radiolaria  are  parasitic.  However,  in  the  colourless 
Spongilla  sponge-cells  are  found  which  contain  colourless 
granules,  corresponding  to  the  green- coloured  granules  of 
the  green  sponge- particles.  These  colourless  granules  are, 
however,  less  definitely  disc-like  in  form  than  the  green  ones, 
and  are  often  irregular  and  angular. 

It  has.  been  found  that  in  the  orchid  Neottia,  where 
chlorophyll  is  absent,  a  green  colour  may  be  developed  by 
the  action  of  strong  sulphuric  acid. 

I  have  found  that  precisely  the  same  thing  is  true  of  the 
colourless  specimens  of  ^ongilla  JluviatUis.  When  im- 
mersed in  strong  sulphuric  acid  they  gradually  develop  a 
sti^ong  leaf-green  colour,  fully  as  intense  as  that  of  the 
naturally  green  specimens.  Microscopic  examination  after 
or  during  this  treatment  is  not  very  satisfactory,  but  the 
colourless  granules  appear  to  be  the  parts  which  first  turn 
green,  though  after  the  reagent  has  acted  the  whole  mass  of 
coagulated  sponge -sarcode  is  uniformly  impregnated  with  a 
green  colour. 

I  remember  to  have  seen  it  stated  somewhere,  on  chemical 
evidence,  that  Spongilla  contains  a  starch-like  body.  I 
should  be  glad  if  any  reader  of  the  Journal  can  refer  me  to 
an  authority  for  this  statement. 

The  above  observations  tend  to  show  that  chlorophyll  in 
Spongilla,  as  in  the  higher  plants,  is  preceded  by  a  distinct 
chlorophyll- evolving  substance,  which  is  colourless. — E.  Ray 
Lankesxbr,  September  20th. 

Scalariform  Buots  in  the  Prothalli  of  Perns. — I  have  lately 
detected  scalariform  vessels  in  the  prothalli  of  ferns  which 
are  quite  similar  to  those  described  by  Dr.  Earlow  in  Pteria 
cretica.  I  am  uncertain,  however,  of  the  species  to  which 
the  prothalli  belong,  as  I  pick  them  out  of  a  fern  case  in 
which  I  grow  a  variety  of  species  of  diflerent  genera.  The 
scalariform  vessels  make  their  appearance  just  below  the 
notch  and  run  out  towards  it.  In  some  there  is  a  linear 
thread  of  one  or  two  strands,  in  others  a  cluster  of  veseels— 
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only  one  or  two  running  forward.  In  the  prothalH  which  . 
produce  the  vessels  neitheT  antheridia  nor  archegoiiia  were 
found ;  the  root-hairs  are  produced  on  both  sideB,  so  that  it 
is  difficult  to  say  which  is  the  upper  or  under  side.  A  very 
young  leaf,  formed  as  an  asexual  outgrowth  in  one  instance, 
did  not  appear  to  contain  any  vessels,  but  a  great  many  hairs 
proceeded  from  it,  generally  3-ce)led,  and  such  as  commonly 
occur  about  the  first  leaves  of  the  normally  developed  embryo, 
On  many  of  the  prothalli  containing  archegonia  the  leaf  was 
produced  before  the  root.  On  the  prothalli  with  asexually 
produced  embryos  I  found  the  leaf  on  one  side  of  the  pro- 
thalliis  and  the  root  on  the  other,  which  is  never  the  case 
with  embryos  normally  produced.  James  Abbott. 

[It  may  be  well  to  state  how  the  bibliography  of  Dr. 
Fariow's  interesting  discovery  stands  at  present,  His  first 
paper  upon  the  subject  was  communicated  to  the  American 
Academy,  January  27lh  of  this  year,  and  printed  in  its 
'  Proceedings,'  pp.  68 — 73.  Only  separate  copies  have  at 
present  reached  this  country,  and  it  is,  therefore,  uncertain 
if  the  paper  is  actually  published  in  America.  An  inde- 
pendent communication,  without  figures,  from  Dr.  Farlow 
appeared  in  the  'Botanische  Zeitung,'  March  20th,  p.  180. 
The  paper  published  in  this  Journal  was  revised  by  the 
author,  and  all  the  figures  for  the  plates  were  also  redrawn 
by  hitn.  Figs.  1,  2,  3,  4,  and  8  were  different  to  any  that 
had  previously  appeared. — Ens.] 

New  Work  by  Prof.  Haeckel. — We  have  received  an  early 
copy  of  Prof.  Haeckel's  new  work  published  by  Engelniann, 
of  Leipzig.  It  is  entilled  '  Anthropogenie  :  Eotwickelungs- 
geschichte  des  Menscben,'  iind  gives  in  a  popular  form  the 
facts  of  the  development  of  the  human  ovum  and  also  the 
zoological  facts  which  bear  on  the  ancestry  of  man.  The 
work  is,  in  fact,  an  enlargement  with  much  new  matter  of 
the  final  chapters  of  the  '  History  of  Creation '  of  the  same 
author,  now  in  its  fourth  edition.  The  embryologist  will 
find  in  this  work — although  addressed  to  the  "  laity  " — many 
important  and  highly  suggestive  views  as  to  such  questions 
as  the  homology  of  the  germ-layers,  the  genital  glands,  and 
the  primordial  kidney. 
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1.  Teolinical  Hethods. — \.  A  new  Hot-stage. — PanumCNonl. 
Medic.  Arkiv.,'  viii)  finds  that  in  the  hol-stages  for  micro- 
scopical observation  now  in  use  it  is  imposeible  to  deterKiine 
with  accuracy  the  temperature  of  the  object  under  ob- 
servation, and  there  is  the  further  inconvenience  of  con- 
densation of  water  on  the  object.  To  remedy  these  defects 
he  has  constructed  a  hot  chamber  of  tin  plate,  which  sur- 
rounds the  lower  part  of  the  microscope  as  well  as  the  stage, 
light  being  admitted  to  the  mirror  through  a  movable  pane 
of  glass  in  front.  The  sides  and  back  of  the  chamber  are 
double,  and  thus  form  a  large  vessel  containing  water,  which 
can  be  easily  heated.  The  roof  is  perforated  to  allow  the 
tube  of  the  microscope  to  pass  through,  and  also  to  admit  a. 
small  thermometer,  the  bulb  of  which  is  placed  near  the 
object-glasN,  The  object  is  introduced  or  manipulated 
through  openings  in  the  sides  of  the  chamber,  which  can  be 
closed  with  corks.  The  circulation  of  water  enclosed  in  the 
walls  of  the  chamber  maintains  a  very  uniform  temperature  ; 
so  large  is  the  mass  of  heated  material  that  the  existence  of 
small  openings  has  little  effect  on  the  temperature  of  the 
air  inside,  nor  is  this  materially  affected  even  by  opening  the 
side  or  front  windows. 

2.  On  the  use  of  Chloral  Hydrate  in  Histology. — Andre 
('  Journ.  dp  I'Anat.  et  de  la  Physiol,,'  Jan.,  1874)  recommends 
the  use  of  this  reagent  for  the  study  of  the  retina.  With  a 
solution  of  4  grms.  chloral  in  30  grms.  water  (sometimes 
■with    the   addition    of    16    grms.    glycerine),    the  fibres  of 

'  The  articles  in  tUis  division  are  arranged  under  tlie  following  heads  : — 
I.  Text-books  and  Technioal  Methods.  II.  The  Cell  in  General.  UI.  Blood. 
IV.  EpitlieliuTD.  V.  TLe  Connective  Tissues.  VI.  Muscle.  VII.  Nervoua 
Sjitem.  VIII.  Organs  of  Sense.  IX.  Vascular  Syatem.  X.  DiRCstive 
and  Beapiratorj  Organs  and  Glands.  XI.  Skin  and  Hair.  XII.  Uriimrj 
and  Sexual  A))piirBtns. 

The  Editors  will  be  glad  to  receive,  for  t lie  purpose  of  mnkiug  tliis 
record  more  complete,  copies  of  separate  memoirs  or  repriBts  from  pe- 
riodicals, which  must  otherwise  often  escape  notice.  We  iiare  to  acknow- 
ledge the  Bssistanoe  of  Dr.  Cavafj  in  making  these  abstracts. 
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Miiller  may  be  easily  studied,  and  it  is  then  evident  that  thi 
represent  axis -cylinders,  as  Miiller  supposed. 

3.  On  Freezing  applied  to  Hiatoiogy. — Axel  Key  and 
Retzius  ('  Nord.  Med.  Arkiv./  1874,  No.  7)  find  that  if  fiae 
sections  of  frozen  tissues  he  hardened  before  thawiug,  so  that 
the  tissues  remain  in  the  state  they  have  assumed  by  freezing, 
they  are  generally  pierced  by  a  number  of  holes,  fissures,  and 
canals.  Thus,  in  tendon  there  are  longitudinal  canals ;  in  the 
skin,  fissures  and  holes  ;  in  brain,  spinal  cord  and  liver, 
numhers  of  lacunse  and  wide  spaces  traversed  by  trabeculse. 
Precisely  similar  appearances  are  presented  by  sections  of 
frozen  blood,  gelatine,  and  starchy  matters.  On  following 
the  process  of  congelation  under  the  microscope  they  found 
that,  at  the  moment  of  freezing,  the  water,  in  separating 
from  the  organic  matter  (brain,  blood,  or  starch),  forms 
branched  acicular  columns  of  ice  which  spread  in  various 
directions.  If  the  mass  be  now  hardened  by  alcohol  or  osmic 
acid,  the  spaces  occupied  by  the  ice  remain  as  canals  and 
cavities.  If  it  be  thawed,  the  mass  becomes  confused  as  it 
softens,  so  that  the  canals  maybe  easily  mistaken  for  normal 
structures.  It  follows  that  conclusions  must  only  bo  drawn 
with  the  greatest  caution  from  frozen  objects,  and  never 
without  verification  by  other  methods.  Still,  freezing  has  a 
real  value  in  certain  cases,  e.g.  for  transverse  sections  of  deli- 
cate membranes,  and  some  other  objects  in  the  fresh  state. 

II,  The  Cell  ia  General.— i)ece%me7((  and  Proliferation 
of  l^ithelia  and  Endothelia. — Zielonko  has  studied,  under 
Recklinghausen's  direction,  the  growth  of  the  cornea  and 
other  tissues  detached  from  their  normal  situation.  *" 
must  defer  a  notice  of  this  important  paper  ('  Archil 
Mikr.  Anat.,'  x,  351). 

in.  Blood.— 1.   On  the  value  of  High  Powers  in  the 

nosis  of  Blood-stains. — Dr.  Joseph  Richardson  ('  Ameriol 
Journ.  Med.  Sci.,'  July,  1874)  advocates  the  measurement  of 
the  corpuscles  from  suspected  stains  by  means  of  a  micrometer 
eye-piece  and  high  powers  fl-SOth  or  1 -25 1 h  immersion  lens). 
He  finds  that  by  this  means  it  is  easy  to  distinguish  with 
certainty  stains  produced  by  human  blood  from  those  of 
sheep's  or  ox  blood.  The  method  was  successfully  applied 
by  Dr.  Richardson  in  the  following  cases : — Prof.  Reese  and 
Dr.  Weir  Mitchell  furnished  him  each  with  three  packages  of 
dried  blood  from  stains  made  by  sprinkling  the  fresh  fluid 
from  an  ox,  a  man,  and  a  sheep,  upon  white  paper  ;  the  two 
series  were  simply  numbered  1,  2,  and  3,  and  each  gentleman 
preserved  a  memorandum  of  the  kind  of  blood  composing  each 
sample.     Dr.  Richardson  then  proceeded  as  follows; — Small 
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particles  of  No.  1  of  Prof  Reese's  set  were  broken  up  with  a 
sliar])  knife  upon  a  slide  and  covered  with  a  thin  glass.  The 
minute  masses  of  dried  clot  thus  obtained  were  then  irrigated 
by  5  per  cent,  salt  solution  uutil  nearly  decolorised;  a 
drop  of  aniline  solution  was  then  allowed  to  flow  in  beneath 
the  cover,  and  in  half  a  minute  washed  away  and  replaced 
by  salt  solution.  The  object  was  then  examined  with 
l-25th  immersion  lens,  and  numerous  coloured  and  colour- 
less corpuscles  were  easily  found.  Ten  measurements  of 
coloured  corpuscles  gave  a  maximum  of  l-3125th  of  an  inch,  a 
minimum  of  l-3572nd,  and  a  mean  of  l-3407th.  Specimen 
No.  2,  similarly  treated,  gave  a  maximum  of  l-4444th,  a 
minimum  of  l-4878tb,  and  a  mean  of  l-4694th  ;  and  No.  S 
gave  a  maximum  of  l-5405th,  a  minimum  of  l-6666tb,  and  a 
mean  of  l-5828th.  Dr.  Richardson  concluded  thatNo.  1  was 
human.  No.  2  ox,  and  No.  3  sheep's  blood,  and  was  "entirely 
correct."  The  second  series  was  similarly  examined,  and 
yielded  the  following  results: — No.  1  gave  a  maximum  of 
l-4347th,  a  minimum  of  l-4878th,  and  a  mean  of  l-4662nd; 
No,  S,  a  maximum  of  l-5405th,  a  minimum  of  1  -6450th,  and  a 
mean  of  l-5952nd;  while  No.  3  gave  a  maximum  of  l-3l75th, 
aniinimumofl-3572nd,andameauofl-3430th.  Dr. Richard- 
son here  again  rightly  decided  thatNo.  1  was  ox,  No.  3  sheep's, 
and  No.  3  human  blood.  In  no  instance  do  the  minimum 
diameters  of  human  blood -corpuscles  cfosely  approach  the 
maximum  even  of  those  of  the  ox.  Dr.  Richardson  recom- 
mends that  in  examining  spots  of  blood  more  than  1-lOchofan 
inch  in  diameter  fragments  should  be  scraped  from  the  edges 
or  thinnest  part  of  the  stain,  because  the  central  portions  show 
numerous  fibrin  filaments  which  form  a  meshwork  more  or 
less  obscuring  the  corpuscles.  He  found  that  a  specimen  of 
dried  human  blood  five  years  old  still  showed  multitudes  of 
corpuscles,  which  could  easily  be  distinguished  from  those  of 
the  ox  or  sheep  in  the  above  manner,  a  mean  of  ten  measure- 
ments giving  l-3425th  inch.  Dr.  Richardson  has  thus  proved, 
in  oppositiou  to  the  statements  of  writers  on  medical  jurispru- 
dence, that  human  blood-stains  can  be  positively  distinguished 
by  the  microscope  even  five  years  from  the  date  of  their 
production  from  those  caused  by  some  other  animal's  blood. 

3.  Numeration  of  Bed  Corpuscles  in  the  Blood.  By  Dr.  J 
rMalassez,  Paris  (Abstract  in  '  London  Medical  Record,'  1874,;  ■ 
p.  13gJ.  ■■ 

IT.  Epitheliuia. — 1.  On  the  Epithelial  Arrangement  im  Front 
of  the  Retina  and  on  the  External  Surface  of  the  Capsule  of 
the  Lejts. — Ewart  ('  Joiirn.  of  Anat.  and  Physiol.,'  May,  1874, 
p.  35SJ  examined  these  parts  in  the  eyes  of  various  aniTO^s 
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by  ihe  silver  process.  He  found  the  membrana  limitans 
iuteroa  to  caiiisist  of  (or  to  have  immediately  in  front  of  it) 
a  mosaic  uf  epithelial  cells.  These,  in  the  ox,  are  multiform, 
fit  closely  into  each  other,  forming  a  continuous  layer  over 
the  whole  retina.  The  small  spaces  between  the  larger  cells 
are  occupied  by  hexagonal  small  ones,  forming  a  centre  from 
which  the  larger  cells  radiate.  The  margins  of  the  cells  are 
irregular,  but  not  serrated,  and  there  are  round  or  crescentic 
nuclei  well  brought  out  by  hBematoxylin  and  acetic  acid.  Ewart 
also  describes  the  lymphatic  sheaths  of  His,  hs  enveloping  all 
the  vessels  of  the  retina,  and  not  only  the  small  and  medium 
sized  ones.  The  above -described  epithelial  layer  could  not 
be  traced  beyond  the  ora  serrata.  The  posterior  surface  of 
the  capsule  of  the  lens  is  also  covered  by  a  layer  of  epithe- 
lium, which  in  the  ox  consists  of  large  polygonal  cells  with 
a  distinct  nucleus  and  irregular  margins,  processes  fi'om  onL< 
cell  dovetailing  into  those  in  immediate  contact  with  it. 

2.  I^thelium  of  the  Bih-Ducta. — Ch.  I-egroa,  "Sur  la 
structure  et  I'epithelium  propre  des  canaux  s^creteurs  de  lii 
bile"  {' Journal del'Anatoniie,'  1874,  p.  137;  '  Centralbkit,' 
1874,  p.  581). 

V,  ConnectiveTlBsiies  and  Lymphatic  System. — 1.  On  the  Sub- 
arachnoid TrahecultE. — Axel  Key  and  Retzius  ('Nord.  Med. 
Arkiv,,'  No.  7,  1874)  describe  these  as  consisting  of  fibrillar 
connective  tissue  entwined  by  elastic  fibres,  and  covered  by  a 
cellular  sheath.  At  the  base  of  the  brain  and  cerebellum 
there  are  trabeculte  completely  enclosed  in  a  delicate  fibrillated 
sheath,  whose  fibres  run  circularly  for  the  most  part,  but 
sometimes  obliquely,  forming  spirals.  There  are  also  longi- 
tudinal fibres  in  the  sheath,  and  sometimes  it  is  composed  of 
alternate  layers  of  longitudinal  and  circular  fibres  with  inter- 
calated nuclei.  One  fibrillar  sheath  may  enclose  severalcon- 
nective-tisue  bundles.  Acetic  acid  does  not  cause  the  fibres 
of  the  sheaths  to  swell  up,  hut,  again,  they  are  not  rendered 
more  distinct,  as  is  the  case  with  elastic  fibres.  On  the  con- 
trary, they  become  paler  and  less  clear.  These  trabeculse 
are  also  covered  by  a  single  layer  of  easily  detached  flattened 
cells. 

2.    Gontrilutions  to  the  Histology  of  Connective    Tissue. 

Lowe  {' Centialblatt,'  1874,  p.  145)  makes  the  following 
statements: — Every  serous  membrane  has  two  layers.  The 
superficial  layer  is  formed  of  endothelial  plates.  The  deeper 
layer  consists  of  a  homogeneous  matrix ,  containing  flattened, 
square,  distinctly  nucleated  cells,  arranged  in  regular  rows. 
If  elastic  fibres  are  present  they  are  situated  between  the 
two  layers.     Tlie  same  structure  can  be  shown  (1)  on  the 
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delicate  membranes  which  every  where  cover  trabecule  of  con- 
nective tisBue  (endothelial  membranes) ;  (3)  on  the  sarco- 
lemma ;  (3)  very  easily  on  the  delicate  membranes  surrounding 
primitive  bundles  of  tendon.  Thus,  arotind  each  muscular 
fibre  and  each  primitive  tendinous  bundle  a  serous  cavity  can 
be  shown  to  exist,  as  has  been  done  for  nerves  by  Axel  Key 
and  Retzius.  Lowe  concludes  that  all  fibrillar  connective 
tissue  is  composed  of  membranes  of  the  nature  of  serous 
membranes,  and  that  consequently  every  cavity  in  the  tissue 
must  be  viewed  as  a  serous  cavity. 

2.  On  the  Medulla  of  Bone. — Robin  ('  Journ.  de  I'Anat. 
et  de  la  Physiol.,'  Jan.,  1874)  has  a  long  memoir  on  medul- 
lary cells,  of  which,  according  to  him,  two  coexistent  varieties 
may  be  found,  the  first  being  a  complete  cell,  the  second  a 
free  nucleus,  similar  to  the  nuclei  of  the  preceding  cells. 
These  elements  are  always  most  numerous  in  those  parts 
in  which  there  are  few  fat-cells  (foatal  medulla,  red  medulla). 
The  size  of  the  complete  medullary  cells  is  about  that  of  leu- 
cocytes, but  their  reactions  with  water  and  acetic  acid  are 
quite  different.  Water  does  not  make  them  paler,  and  only 
causes  them  to  swell  very  slightly.  The  granular  appearance 
is  not  modified,  and  no  Brownian  movement  of  the  granules 
is  produced;  their  nuclei  are  not  affected  by  acetic  acid. 
Robin  does  not  agree  with  Hoyer,  that  the  capillaries,  arte- 
rioles, and  venules  of  medulla  are  destitute  of  walls,  nor  does 
he  admit  the  opinions  of  Bizzozero,  Monat,  and  Neumann, 
who  consider  the  medulla  as  an  organ  for  the  formation  or 
destruction  of  coloured  blood -corpuscles.  The  first  of  these 
opinions  is  based  essentially  on  an  identity  between  the  me- 
dullary cells  and  leucocytes,  and  this,  according  to  the  reac- 
tions above  given,  is  denied  bj  Robin. 

4.  On  the  Endothelium  of  Serous  Membranes, — Toumeux 
studied  these  ('Journ.  de  I'Anat.  et  de  la  Physiol.,'  Jan., 
1874)  on  newts,  frogs,  and  toads,  by  the  silver  process.  New 
results,  or  rather  new  interpretations,  are  given  as  to  the 
relation  between  the  peritoneal  endothelium  and  that  of  the 
cisterna  lymphatica  magna.  The  pits  or  depressions  seen  at 
the  points  from  which  the  peritoneal  endothelial  cells  radiate, 
and  which  have  been  considered  as  natural  perforations 
(stomata)  in  the  wall  of  the  lymphatic  sac,  by  which  it  com- 
municates with  the  peritoneum,  are,  according  to  him,  cra- 
teriform  depressions  of  the  peritoneum,  which  are  occupied 
by  one  or  two  delicate  protoplasmic  masses,  representing  endo- 
thelial cells  in  iheir  first  stage  of  development.  If  these 
young  cells  are  partly  or  entirely  destroyed  in  the  preparation 
of  the  object,  true  perforations  of  the  wall  of  the  cisterna 
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result,  but  these  are  only  accidental.  In  many  cases  these 
young  cells  only  form  the  entire  thickness  of  the  cisterna- 
peritoneal  wall  at  these  points.  Finally,  an  examination  of 
the  contents  of  the  cistema,  and  some  esperiments  ou  inflam- 
mation of  the  peritoneiim,  tend  to  confirm  the  author  in  his 
belief  that  these  cavities  do  not  communicate. 

5.  On  the  inner  Boundary  Layer  of  Human  Serotis  Mem- 
branes.— Bizzozero  ('  Centralblatt,'  1874,  No.  14)  examined 
the  pleura,  pericardium,  and  peritoneum,  and  in  each  case 
found  an  extremely  thin  connective- tissue  layer  immediately 
under  the  endothelium,  which  can  often  be  more  or  less 
easily  detached  as  a  delicate  membrane.  This  is  most  easily 
effected  on  the  intestinal  peritoueum  aud  parietal  pleura, 
both  in  fresh  preparations  and  in  those  which  have  had  their 
endothelium  removed  by  pencilling,  and  then  been  hardened 
in  dilute  spirit,  potassium  bichromate,  or  very  dilute  chromic 
acid  (0-01  per  cent.).  The  isolated  membrane  is  one  to  two 
inches  thick,  homogeneous,  finely  granular,  or  fibrillar,  con- 
tains no  cells,  and  swells  up  and  becomes  pale  by  acetic  acid. 
Its  inner  surface  is  covered  by  the  endothelium,  while  its 
outer  surface  rests  on  the  wavy,  felted  connective- tissue 
bundles  of  the  serous  membrane,  in  which  there  are  numer- 
ous cells.  In  the  intestinal  peritoneum  it  is  separated  by  a 
few  thin  connective-tissue  bundles  from  the  already  known 
reticulated  elastic  membrane.  Both  here  and  in  the  parietal 
pleura  this  membrane  forms  an  uninterrupted  layer.  Accord- 
ing to  the  above  it  appears  that,  at  least  in  the  human  pleura, 
there  can  be  no  direct  opening  of  lymphatic  vessels  into  the 
pleural  cavity  as  described  by  Dybkowsky,  E.  Wagner, 
Klein,  and  others.  This  structureless  layer  apparently  cor- 
responds to  the  basemeut  membrane  described  by  Todd  and 
Bowman,  and  denied  or  ignored  by  later  writers. 

6,  On  the  Lymphatic  System  of  the  Cornea. — Dr.  Thin 
('Lancet,'  1874,  p.  225),  by  means  of  impregnation  -with 
silver  and  gold,  shows  that  the  tubes  described  by  Bowman 
in  the  cornea  are  lined  by  a  layer  of  endothelium,  which  he 
considers  to  be  of  a  lymphatic  nature.  The  endothelinm 
may  be  easily  seen  in  old  preparations,  but  may  also  be  made 
out  in  recent  ones,  and  shows  the  existence  of  lymphatic 
vessels  in  the  cornea.  His  drawings  of  preparations  of  Uie 
rabbit's  cornea  show  large  lymphatic  vessels  lined  with  a 
distinct  endothehum,  and  smaller  vessels  joining  to  form  ft 
trunk.  There  are  also  clear  spaces  corresponding  to  the 
lymph-eanalicular  system,  in  which  the  corneal  corpuscles 
are  lodged.  These  canaliculi  all  communicate  with  each 
other  and  with  the  lyimpWlwa,    l^v  'jteija.rations  in  ■ 
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the  silver  nitrate  has  penetrated  more  deeply,  one  may  even 
see  that  the  eiidothelial  layer  exteiids  to  the  canalicular 
system,  and  is  contiimous  with  the  endothelium  of  the  tubes. 
Hoyer  and  Schweigger-Seidel  have  noticed  the  dark  lines  seen 
in  silver  preparations  of  the  cornea,  but  have  not  considered 
them  to  show  the  presence  of  an  endothelium,  Rollett 
thinks  that  these  lines  can  only  be  seen  in  the  corner  of  young 
animals,  whose  fibrillar  substance  is  in  course  of  development, 
but  Dr.  Thin  has  observed  them  in  the  adult  also.  Further, 
by  using  both  silver  nitrate  and  gold  chloride  he  has  seen 
that  the  nerves  coloured  by  the  latter  reagent  are  contained 
in  the  cavity  of  the  lymphatic,  which  they  fill  almost  com- 
pletely ;  but  a  narrow,  clear  space  can  be  distinctly  seen  be- 
tween the  nerve  and  the  wall  of  the  lymphatic.  The  branches 
of  the  nerves  given  off  from  the  chief  trunk  have  a  similar 
relation  to  the  smaller  lymphatic  vessels  in  which  they  are 
contained. 

7.  On  the  Structure  of  LympJiatic  Glands. — Bizzozero 
(separately  printed  memoir)  has  investigated  the  reticulum 
of  the  lymph-paths  in  the  dog,  man,  rabbit,  and  calf.  This 
is  commonly  described  as  consisting  of  homogeneous  or  deli- 
cately striated  fibres,  with  here  and  there  a  nucleus,  or  in 
some  places  as  composed  of  stellate  connective- tissue- 
corpuscles,  communicating  with  each  other  and  with  the 
fibres  by  numerous  processes.  Billroth  {'  Virchow's  Archiv,' 
vol.  xxi,  p.  347)  had  already  stated  that  in  chronically  in- 
fiamed  glands  the  nuclei  had  partly  developed  into  spindle 
cells,  which  were  merely  applied  laterally  to  the  fibres.  This, 
however,  appears  to  be  the  normal  condition,  according  to 
Bizzozero.  In  fine  sections  of  hardened  glands  of  the  dog, 
which  have  been  freed  from  lymph-cells  by  shaking  in  water, 
the  cellular  elements  of  the  reticulum  can  be  recognised  as 
spindle-shaped,  stellale,  or  flattened  cells,  with  a  coarsely 
granular  protoplasm,  often  containing  fat-  and  pigment- 
granules.  The  nucleus  is  oval,  finely  granular,  and  contains 
one  or  two  shining  round  nucleoli.  Their  number  varies 
with  the  time  for  which  the  preparations  are  shaken.  At 
first  there  are  large  numbers  of  them,  even  in  adult  animals, 
but  the  longer  the  sections  are  shaken  the  more  is  the  reti- 
culum freed  from  them,  so  that  in  good  preparations  they 
may  all  be  dislodged  without  injury  to  the  adenoid  network. 
This  fact  is  enough  to  prove  that  the  cells  are  simply  applied 
to  the  fibres — that  they  are  contiguous  to  but  not  continuous 
with  them.  This  can  also  be  seen  with  higli  powers  in 
sections  in  which  the  cells  are  still  present.  The  cell  may 
.-then  be  seen  either  to  surround  a  fibre,  wbick  tl^iiu.  WcQvae.^ 
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enclosed  in  a  tube  of  protoplasm,  the  nucleus  being  closely 
applied  to  the  side  of  the  fibre;  or  it  may  be  thin  and  flattened 
and  spread  out  in  one  of  the  meshes  of  the  reticulum,  which 
it  occupies  as  a  picture  does  its  frame  ;  the  nucleus  then 
occupies  the  centre  of  the  mesh.  A  similar  arrangement 
holds  good  in  the  other  animals  examined. 

Bizzozero  affirms  that  in  th''  reticulum  of  the  follicular 
cylinders  the  same  relations  may  be  seen.  The  reticulum 
here  consists  of  delicate,  homogeneous,  communicating  fibres, 
flattened  and  broad  at  the  nodular  points.  It  is  on,  and  not 
in,  these  nodular  [)oints  that  the  cells  lie.  They  consist  of 
an  oval  nucleus  with  a  very  narrow  protoplasmic  zone,  and 
can  also  be  dislodged  by  prolonged  shaking,  without  injury 
to  the  reticulum. 

Bizzozero  has  also  succeeded  in  demonstrating  the  exist- 
ence of  a  layer  of  endothelium  covering  the  follicular 
cylinders,  and  thus  forming  the  wall  of  the  lymph-patha. 

8.  Normal  and  Pathological  Anatomy  of  the  Lymphatic 
System  of  the  Lungs.— K\em  ('  Proc.  Roy.  Soc.,'  1874,  No. 
149)  giTCB  a  full  description  of  the  above,  as  seen  in  guinea- 
pigs,  dogs,  cats,  rats,  and  rabbits.  The  endothelium  of  ihe 
surface  of  the  pulmonary  pleura  consists  of  a  single  layer  of 
polyhedral  cells,  which  are  not  flattened,  but  shortly  columnar 
and  granular,  that  of  the  costal  pleura  being  formed  of  much 
flattened,  almost  hyaline  plates.  The  pulmonary  pleura 
consists  of  a  thin  layer  of  connective  tissue,  with  a  very  rich 
network  of  elastic  fibres,  the  matrix  usually  contains  one 
layer  of  flattened  connective- tissue- corpuscles.  Beneath  the 
pleura,  in  the  guinea-pig,  there  is  a  membrane  consisting  of 
unstriped  muscle,  arranged  in  bundles  so  as  to  form  a  mesh- 
work,  with  elongated  large  meshes,  which  have  a  greater 
diameter  in  the  distended  than  in  the  collapsed  lung.  These 
muscular  bundles  radiate  from  the  apex  to  the  base  of  the 
lung,  and  are  most  abundant  on  the  anterior  external  and 
internal  surfaces;  on  the  posterior  surface  they  are  scanty, 
and  become  more  and  more  so  near  the  spinal  column,  the 
fibres  being  most  richly  distributed  over  those  parts  of  the 
lung  which  move  most  actively  in  respiration.  In  rats, 
rabbits,  cats,  and  dogs,  the  muscular  bundles  occur  more 
sparingly. 

Pleural  Lymphatics. — The  meshes  of  the  muscular  mem- 
brane in  the  guinea-pig's  lung  are  lined  by  a  single  layer  of 
flattened  endothelium,  and  constitute  a  comrauuicaiing  system 
of  lymphatic  sinuses,  which  communicate  freely  by  true 
stomata  with  the  pleural  cavity.  The  cells  of  the  membrana 
nrojgiia  of  the  puWorvtviy  ^Xbutb.  CJ^m.^Vn3.\\a.li,cular  system 
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send  forth  processes  which  project  between  the  endothelium 
of  the  free  surface,  forming  pseudostoniata. 

Sub-plewral  Lymphatics. — The  pleural  lymphatic  sinuses 
communicate  with  lymphatic  tubes  lying  in  grooves  cor- 
responding to  the  most  superficial  groups  of  the  alveoli  of  the 
lung.  These  vessels  have  valves,  and  anastomose  to  form  a 
network,  which  receives  branches  originating  between  the 
alveoli  of  the  superficial  portions  of  the  hing.  These  inter- 
alveolar  lymphatics  commence  in  the  lymph-canalicular  system 
of  the  alveolar  septa,  whose  cells  are  in  direct  continuity  with 
the  endothelium  of  the  lymphatics. 

Perivascular  Lymphatics. — These  originate  also  from 
branched  cells  in  the  alveolar  septa,  the  capillaries  being 
collected  into  trunks  which  accompany  the  branches  of  the 
pulmonary  artery  and  veins.  They  either  run  in  the  adven- 
titia  of  these  vessels  in  twos  or  threes,  anastomosing  with 
each  other,  or  the  blood-vessel  is  entirely  or  partially  invagi- 
nated  in  a  lymphatic.  The  branched  cells  of  the  alveolar 
septa,  from  which  the  capillaries  of  this  system  originate, 
send  processes  between  the  epithelium  into  the  cavities  of 
the  alveoli,  thus  forming  pseudostomata.  This  is  the  only 
means  of  communication  between  the  alveolar  cavities  and 
the  lymphatics. 

Peribronchial  Lymphatics. — These  vessels  are  usually 
distributed  in  the  adventitia  of  the  bronchi,  anastomosing 
with  each  other  and  with  the  perivascular  lymphatics.  Their 
capillaries  originate  in  the  mucous  membrane  of  the  bronchi 
and  pierce  the  muscular  coat.  The  wall  of  these  capillary 
branches  is  continuous  with  the  braiiched  cells  of  the  mucosa, 
which  also  penetrate,  as  a  nucleated  reticulum,  between  the 
epithelium  of  the  bronchus  and  project  on  its  free  surface, 
forming  pseudostomata.  The  lymphatics  are  always  most 
numerous  on  that  side  of  a  bronchus  which  is  turned  towards  a 
branch  of  the  pulmonary  artery.  In  the  course  of  the  smaller 
bronchi,  whose  walls  have  no  cartilage,  there  are  generally 
several  vascular  lymphatic  follicles,  which  are  surrounded  by 
a  lymphatic  vessel,  as  the  lymph-follicles  of  Peyer's  patches 
are  by  their  lymph -sin  uses.  These  follicles  extend  to  the 
muscular  coat,  and  in  some  cases  may  be  traced  through  it 
to  the  mucosa.  These  follicles  always  lie  in  the  wall  of  a 
lymphatic  vessel,  between  the  bronchus  and  the  accompa- 
nying branch  of  the  pulmonary  artery.  They  are  of  different 
sizes,  and  generally  spherical  or  elliptical.  These  peri- 
lymphangiai  follicles  are  especially  numerous  in  the  guinea- 
pig's  lungs,  and  are  constantly  growing  and  being  repro- 
duced.    The  lymphatic  vessels  of  the  two  last-mentioned 
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eystems  anaBtoinose  with  each  other  in  the  ligaments  of  the 
lung,  and  fiiiall)'  enter  the  bronchial  lymphatic  glands. 

Thfi  second  portion  of  Klein's  paper  is  occupied  by  s 
description  of  the  pathological  changes  which  occur  in  arti- 
iicial  tuberculosis  in  animals,  of  which  we  can  only  give  a 
very  short  account.  The  first  structural  changes  which 
appear  in  the  guinea-pig's  lung  consist  in  the  appearance  of 
perivascular  lymphatic  nodules  and  cords.  These  conmienee 
in  the  ultimate  branches  of  tho  pulmonary  artery,  whose 
endothelium  germinates  until  the  lumen  of  the  vessels  ie 
nearly  blocked  by  its  products ;  the  lymphatics  become  con- 
verted into  adenoid  tissue,  which  grows  from  the  endothelium 
both  internally  (endolymphangial)  and  externally  (peri- 
lymphangial).  These  perivascular  lymphatic  (tubercular) 
cords  spread  both  along  the  lymphatics  to  the  larger  branches 
and  also  towards  the  inleralveolar  branched  cells.  The 
capillaries  of  the  affected  alveoli  then  become  converted  into 
solid  nucleated  bands  and  threads,  which  are  continuous 
with  the  surrounding  reticulum.  Secondary  to  the  above 
process,  there  is  a  thickening  of  the  alveolar  septa,  and  a 
proliferation  of  the  epithelium  filling  the  alveoli,  often  inter- 
miscd  with  lymphoid  corpuscles.  Sometimes  the  enlarged 
epithelial  cells  become  fused  into  one  multinuclear  "giant- 
cell."  When  this  is  the  case  the  giant-cells  gradually 
become  changed  into  a  fibrillated  tissue  with  few  cells,  which 
rapidly  spreads,  and  finally  undergoes  first  a  fibrous,  then  a 
cheesy  degeneration.  The  adenoid  tissue  of  the  perivascular 
cords  never  degenerates.  The  secondary  process  passes  from 
the  infundibula  to  the  bronchi,  whose  epithelium  proliferates 
abundantly,  while  the  branched  cells  of  the  mucosa  become 
converted  into  adenoid  tissue.  The  process  above  described 
takes  place  in  man  in  inverted  order,  i.  c.  the  first  changes 
are  seen  in  the  alveoli  and  inleralveolar  septa,  and  these 
changes  are  followed  by  the  appearance  of  perivascular 
cords. 

9.  Lymphatics  of  the  Thyroid. — J.  Nawalichin  (of  Kasan) 
in  *  Pfliiger's  Archiv,'  vol,  iii ;  abstract  in  '  London  Medical 
Record,'  1874,  p.  262. 

10.  On  the  Cartilages  and  Synovial  Membranes  of  the 
Joints. — Eeyher  ('Journ.  of  Anat,  and  Physiol.,'  May,  1874, 
p.  261)  investigated  the  formation  and  development  of  the 
so-called  "marginal  zone"  of  the  synovial  membrane,  i.e. 
the  portion  which  extends  over  those  parts  of  the  articular 
surfaces  which  are  not  ordinarily  in  contact,  the  question 
being  whether  this  is  an  ingrowth  from  the  synovial  mem- 
brane or  not.     For  this  putip<»e  tlie  ^ainla  qC  emhtYos  and 
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young  animals  were  examined,  and  compared  with  those  of 
adults  and  with  human  joints  at  different  ages.  These  were 
treated  by  silver,  hsematoxylin,  and  gold,  and  studied  on 
surface  sections.  On  examining  the  head  of  the  femur  of  a 
sheep's  embryo  one  and  three  quarters  inch  lonjj,  the  layer  of 
cells  described  as  an  epithelium  by  Todd  and  Bowman  and 
Reichert  was  found  not  to  exist ;  there  is  only  a  homoge- 
neous substance  with  nuclei  embedded,  surrounded  by  a 
variable  amount  of  protoplasm.  Precisely  the  same  appear- 
ances are  shown  by  the  deeper  parts  of  the  cartilage.  In 
more  advanced  embryos  (sheep,  two  and  a  half  inches  long) 
other  places  are  also  found  in  which  the  nuclei  are  rather 
more  separated,  brown  lines  appearing  here  and  there 
between  them.  Later  on,  the  brown  lines  become  more 
frequent  and  broader,  and  in  some  places  form  a  network 
like  that  on  the  surface  of  serous  membranes,  but  with 
smaller  and  more  irregular  territories.  In  other  emhryoea  the 
greater  part  of  the  articular  surfaces  is  covered  with  these 
flat  epithelioid  cells,  This  appearance  is  due  to  the  gradual 
development  of  intercellular  substance,  which  increases,  the 
cells  becoming  separated  by  broad  bands  of  matrix,  and  at 
the  same  time  becoming  irregularly  angular,  stellate,  or 
elongated,  with  long  processes  which  dip  down  obliquely 
into  the  matrix.  The  matrix  grows  over  as  well  as  between 
the  cells,  so  that  in  the  adult  there  is  a  distinct  hyaline  layer 
covering  the  surface  of  the  cartilage.  While  this  is  occurring 
the  irregular,  stellate,  angular,  and  elongated  cells  become 
gradually  transformed  in  parts  where  the  articular  surfaces 
are  constantly  in  contact,  with  loss  of  their  processes,  into 
the  round  scattered  cells  of  ordinary  cartilage. 

At  the  time  when  the  articular  surface  proper  has  the 
above  epithelioid  appearance,  the  same  can  be  traced  over  its 
margin  as  far  as  the  insertion  of  the  capsule,  where,  in  the 
adult,  vessels  and  irregularly  disposed  cells  are  to  be  found. 
The  cells  are  of  the  same  sine  as  those  covering  the  cartilage, 
but  less  polygonal,  and  separated  by  more  intercellular  sub- 
stance, into  which  they  send  short  knobbed  processes,  not 
long  and  tapering  ones,  as  in  the  adult.  There  is  every 
transitional  form  between  these  and  the  cartilage  cells,  which, 
as  they  approach  the  synovial  membrane,  begin  to  exhibit  a 
gradually  increasing  number  of  processes,  and  become  more 
irregular,  until  they  precisely  resemble  those  on  the  inner 
layer  of  the  capsule,  with  which  they  are  connected  by  freely 
communicating  branches.  As  development  proceeds  these 
appearances  are  reversed,  the  cells  being  widely  separated 
and  of  irregular  forms  over  the  cartilage,  whilst  near  and 
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upon  the  capsule  they  are  epithelioid.  These  cells,  whether 
poesessiii^  proresses,  or  arranged  like  an  epithelinm,  muBt  he 
looked  upon  as  connective- tissue  corpuscles.  In  the  synovial 
membrane  itself  Reyher  also  denies  the  existence  of  m 
epithelium.  Places  may  be  found  on  the  inner  surface  of  the 
capsule  with  the  cells  regularly  arranged,  but  these  patches 
are  never  extensive.  The  irregular  branched  forra  of  cells 
persists  throughout  life  on  the  inner  surface  of  the  capsule; 
but  on  the  surface  of  the  cartilage  a  change  occurs,  depending 
on  the  growth  of  the  articular  surfaces  and  on  the  varying 
conditions  of  contact  and  pressure  to  which  they  are  exposed. 
On  concave  articular  surfaces,  whose  growth  is  more  or  lew 
uniform  both  near  the  centre  aud  at  the  periphery,  the  cells, 
whether  epithelioid,  stellate,  or  rounded,  are  more  or  le» 
similar  throughout ;  whereas  on  convex  surfaces,  such  as  tlie 
head  of  the  humerus  or  femur,  the  superficial  cells  near  the 
neck  are  far  less  sei>arated  than  those  nearer  the  centre  of  the 
articular  surface,  when  growth  and  development  are  more 
rapid.  Again,  in  parts  of  the  surface  which  are  always  in 
contact,  the  epithelioid  cells  become  as  development  pw- 
ceeds  irregularly  stellate,  finally  losing  their  processes  and 
becoming  round,  so  that  at  birth  the  epithelioid  artangemait 
has  mostly  disappeared.  The  converse  had  been  already 
shown  by  Reyher  by  keeping  the  joints  of  dogs  at  rest,  so 
as  to  remove  all  effects  of  pressure  and  movement.  The  ceBi 
on  the  articular  surfaces  then  again  take  on  a  more  or  leu 
epithelioid  arrangement,  accompanied  by  an  absorption  i£ 
intercellular  substance,  and  this  extends  also  to  the  deeper 
layers  of  the  cartilage.  Hence  the  synovial  process  is  not  to  be 
looked  upon  as  an  ingrowth  of  the  synovial  membrane  as, 
some  have  asserted,  but  rather  as  being  formed  in  sit4  as  the 
development  of  the  joint  proceeds,  its  cells  being  iatimately 
related  both  by  the  history  of  their  development  and  by  IM 
presence  of  intermediate  forms  with  the  cartilage  cells  of  the 
articular  surface. 

11.  Development  of  Bone. — Ranvier  (' Quelq^ues  feitt 
relatifs  an  Developpement  du  Tissu  Osseux,'  '  Comptes 
RenduB,'  1873,  ii,  Ixxvii,  1105; '  Centrablatt,'  1874,  p.  458). 

13.  Connective  Tissue  of  the  Spinal  Cord. — Ranvier 
('Comptes  Rendus,'  187S,  ii,  Ixxvii,  1299;  Centralblatl," 
1874,  p.  483)  contends  that  this  is  similar  to  the  connecdre 
tissue  of  the  peripheral  nerves. 

13.  Bone- Absorption  by  Means  of  Giant-Cells. — Mr. 
Alexander  Morison  {'  Edinburgh  Medical  Journal'  for  October, 
1873),  taking  up  the  researches  of  Kolliker  on  absorption  (rf 
'^e  by  means  of  giant-cells  (^see  '  Ijondon  Medical  Bet     "* 
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1S73),  finds,  on  examination  of  sections  through  the  jaw 
prior  to  iirn  formation  of  the  tooth-sac,  that  many  giaut-cella 
contain  clear  round  or  oval  holes  of  various  sizes.  The  larger 
and  more  distinctly  defined  ones,  in  the  centre  of  which  a 
debris  resembling  fatty  particles  is  sometimes  to  be  detected, 
appear  to  be  originated  by  a  disintegration  of  minute  portions 
of  the  protoplasm  of  the  giant-cell.  From  this  the  author 
takes  it  as  possible  that  the  giant-cells,  after  having  ceased  to 
exercise  their  destructive,  i.  e.  absorbing  function,  become 
disintegrated.  Morison  takes  it  also  as  probable  Chat  sequestra 
are  separated  from  living  bone  by  means  of  giant-cells,  for, 
on  examining  a  fresh  sequestrum  from  a  case  of  necrosis  of 
the  tibia,  there  were  found  Howship's  lacunte  covering  all 
aspects  of  the  sequestrum,  and  the  blood  and  pus  around 
the  preparation  contained  multinuclear  giant-cells  iloating 
about. 

As  regards  the  origin  of  giant-cells,  Morison  agrees  with 
Kolliker  and  others  that  many  of  them  are  in  genetical  con- 
nection with  the  osteoblasts,  but  that  others  probably  develop 
from  embryonic  connective  tissue ;  for  there  occur  bone-spaces 
with  here  and  there  a  giant-cell  entirely  destitute  of  osteo- 
blasts, but  containing  the  nuclei  of  embryonic  connective 
tissue.  These  nuclei,  generally  scattered,  are  here  and  there 
closely  aggregated  and  show  an  internuclear  opacity,  which, 
however,  has  not  the  distinctly  granular  appearance  of  the 
opaque  cell-substance  of  a  fully  developed  giant-cell;  but  this 
appearance  is  in  variable  degree,  even  in  fully  formed  cells. 
It  is  possible  that  the  aggregation  of  nuclei  may  be  the  first 
stage  in  the  formation  of  a  giant-cell ;  one  has  only  to 
imagine  that  these  nuclei  prepare  a  cell-material  each 
around  itself,  which,  coalescing  with  that  round  its  neigh- 
bours, produces  the  multinuclear  giant-cell. — E.  Klein,  M.D., 
in  '  London  Medical  Record,' 

14.  On  the  Absorption  of  Bone.  Ruslizky  ('  Virchow's 
Archiv.,'  lix.,  p.  202)  confirms  the  presence  of  giant-cells  in 
normal  and  pathological  absorption  of  bone.  He  finds  that 
there  are  three  modes  in  which  they  occur,  either  only  in  a 
single  layer  immediately  on  the  surface  of  the  affected  portion 
of  bone,  or  also  in  the  periosteum ;  or  lastly,  also,  in  the 
interior  of  the  bone.  The  presence  of  giant-cells  could  not 
be  shown  in  all  cases  of  bone-absorption,  and  notably  not  in 
the  little  depressions  formed  on  the  inner  surface  of  the 
calvaria  by  the  Pacchionian  bodies,  nor  in  a  sternum  which 
was  partially  atrophied  by  the  pressure  of  a  hypertrophied 
heart.  Hence  the  author  iloes  not  accept  Kolliker  and 
Wegener's  views,  that  long-con tiuued  pressure  against  a  boas 
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is  the  chief  cause  of  the  formation  of  giant-cells  j  which  aie, 
moreover,  found  in  large  numbers  on  the  external  surface  of 
masses  of  callus,  where  there  is  no  appreciable  pressure.  Still 
it  was  possible  to  produce  atrophy  with  giant-cells  artificitJlj 
in  aairoals,  by  long-continued  local  pressure  on  a  bone;  but 
they  were  also  found  in  the  interior  of  the  bone,  where 
pressure  could  not  of  course  operate  directly.  Further,  the 
author  found  that  giant-cells  were  developed  in  the  lymph- 
sacs  of  frogs,  after  the  irritation  caused  by  the  introduction  of 
various  foreign  bodies,  so  that  he  considers  their  formation  to 
be  largely  due  to  an  alteration  of  nutrition,  which  is  perhaps 
brought  about  by  pressure.  Amoeboid  movements  were  seen 
in  some  giant-cells,  but  not  in  others,  especially  in  those 
whose  protoplasm  contained  fatty  granules.  The  author 
therefore  draws  a  distinction  between  "fixed"  and  "  migratory" 
giaut-cells.  lu  the  latter,  division  was  seen.  The  author 
concludes  that  giant-cells  may  be  developed  from  any  form  of 
cell,  and  that  their  appearance  in  bone  is  not  secondary  to  the 
formation  of  Howship's  lacuna. 

VI,  Kascle. — 1.  Structure  and  Action  of  Striated  Muscular 
Fibre. — Dwight  ('  Proc.  Boston  Soc.  Nat.  Hist.,'  vol.  xvi, 
Nov.,  1873)  used  the  legs  of  Gyrinus,  which  are  sufficiently 
transparent  to  pei-mit  the  examination  of  their  muscles  in 
situ.  When  at  rest,  but  extended  between  its  points  of 
attachment,  the  fibre  is  straight- bordered,  and  shows  a  aeries 
of  broad  grey  bands  with  a  white  border,  separated  by  narroiv 
black  granular  bands.  When  the  fibre  is  free  from  all  strain 
or  resistance  (as  when  one  of  its  attachments  is  divided  or 
moved  much  nearer  to  the  other),  the  fibre  is  much  broader, 
the  black  bands  a  little  narrower  and  closer  together.  The 
white  and  grey  stripes  are  also  narrower,  especially  the 
former.  The  fibre  has  a  scalloped  border,  the  greatest 
bulging  being  opposite  the  middle  of  the  grey.  When  the 
fibre  is  stretched  it  is  narrower,  with  a  more  sharply  defined 
outline.  The  black  granular  bauds  become  separated  into 
two  parallel  dotted  lines,  separated  by  a  clear  space.  The 
grey  bands  become  lighter  and  the  white  borders  darker,  so 
that  the  distinction  between  the  two  is  less  clearly  marked. 
The  state  of  active  contraction  is  difficult  to  observe,  owing 
to  the  incessant  changes  as  the  wave  passes  along  the  fibre. 
A  part  of  the  fibre  is  seen  to  dilate,  the  black  bands  become 
more  prominent,  approach  each  other,  and  seem  to  run  with 
the  wave  along  the  fibre.  The  grey  bands  (the  contractile 
element)  disappear,  so  that  there  is  only  an  alternation  of 
black  and  white  strijies,  the  borders  of  the  fibre  being  very 
irequeutly,  probably  ahvays,  festooned   or   scalloped.     Tim 


qdaeterly  caBONtcLa  op  microscoi'ical  science.    4t? 

grey  band  seems  to  disappear  in  an  early  stage  of  contraction, 
but  this  is  not  easy  to  make  out.  There  seems  to  be  no  law 
regulating  the  wave  of  contraction,  which  may  run  towards  or 
away  from  the  tendon.  Dwight  lias  never  seen  the  fibre 
assume  a  homogeneous  appearance  during  contraction,  as 
stated  by  Merkel,  nor  during  repose,  as  Schafer  thinks.  Lon- 
gitudinal Btriation  was  only  seen  in  unhealthy  fibres.  It  is 
superficial,  and  probably  only  in  the  sarcolemma.  Dwight 
concludes  that  "  the  fibre  consists  of  a  sheath,  the  sarcolemma, 
and  of  a  ground  substance,  in  which  elements  which  may  be 
provisionally  called  granules  are  embedded  in  transverse 
double  rows.  There  is  no  reason  to  suppose  that  the  differ- 
ence between  the  white  and  the  grey  has  any  other  than  an 
optical  cause,  namely,  that  the  part  of  the  ground  substance 
nearest  the  black  bands  receives,  not  only  the  rays  of  light 
that  would  naturally  strike  it,  but  others  reflected  or  refracted, 
or  both,  from  the  black  bauds,  and  which  do  not  strike  the 
middle  of  the  space  between  the  latter  (Heppner,  Schafer). 
If  this  be  admitted,  it  is  merely  a  corollary  that  in  con- 
traction the  grey  should  disappear,  as  is  the  case.  No 
appearances  have  been  seen  that  are  suggestive  of  the 
bundles  of  Schafer's  dumb-bell -like  rods,  which,  indeed 
(judging  from  the  abstract  of  his  paper},  he  has  assumed 
rather  than  demonstrated.  As  has  been  already  stated, 
nothing  like  fibrillar  structure  is  to  be  seen  in  the  living  and 
healthy  fibre. 

The  sarcolemma  is  firmly  attached  to  each  edge  of  the  ends 
of  the  black  bands,  and  the  granules  must,  in  some  way,  be 
prevented  from  spreading  laterally,  so  as  to  give  support  for 
the  folds  into  which  the  muscle  contracts.  The. ground 
substance  is  the  contractile  element ;  it  is  also  highly  elastic. 
When  the  fibre  is  stretched  all  parts  become  narrower,  and 
when  contracted  broader,  but  in  the  latter  case  the  change 
is  chiefly  in  the  ground  substance. 

2.  Some  Points  relating  to  the  Histology  and  Physiology 
of  Striped  Muscles. — Ranvier  ('Arch,  de  Physiol.,'  Jan., 
1874)  has  examined  the  action  and  structure  of  the  two  kinds 
of  striped  muscles  (excluding  the  heart)  that  are  found  in 
some  animals.  These  are  pale  and  dark  red  muscles.  Thus, 
in  the  rabbit  the  semitendinosus,  crureus,  quadratus  femoris, 
and  soleus,  are  red ;  while  the  internal  vastus,  triceps  femoris, 
adductor  magnus,  biceps,  &c,,  are  pale  muscles.  The  same 
distinction  is  found  in  fishes,  and  in  skates  and  torpedoes 
there  are  muscles  formed  of  the  two  kinds  of  fibres.  The 
dark  colour  of  the  red  muscle  does  not  depend  on  its  contain- 
ing more  blood,  as  when  all  the  blood  has  been  washed  out 
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by  injection  through  the  aorta  the  Bemitendinosua  of  the 
rabbit  remains  distinctly  redder  than  the  biceps  (see  Lankestet 
on  "  Distribution  of  Hiemoglobin,"  '  Proc.  Roy.  Soc.,'  1873), 

Physiologically,  these  two  kinds  of  muscles  differ  from 
each  other.  When  stimulated  directly,  the  red  muaclea  con- 
tract slowly  and  progressively,  and  on  cessation  of  the 
stimulus  again  gradually  relax.  The  contraction  of  the  pale 
muscles,  on  the  other  hand,  is  brusque  and  sudden. 

If  the  sciatic  nerve  be  cut  in  two  places,  first,  at  its  exit 
from  the  sciatic  notch  ;  second,  in  the  middle  of  the  thigh, 
and  the  isolated  portion  stimntated,  a  contraction  of  the  semi- 
tendinosus  (red)  and  of  the  neighbouring  pale  muscles  takea 
place — the  former  slowly  and  gradually,  the  latter  sharply 
aud  suddenly.  On  cessation  of  the  stimulus  the  pale  muscles 
relax  suddenly,  while  the  red  muscle  returns  slowly  to  its 
former  dimensions. 

As  these  differences  can  be  observed  by  direct  stimulation 
in  curarised  rabbits,  it  is  plain  that  they  are  inherent  in  the 
muscles  themselves,  and  do  not  depend  on  the  nervous  system. 

There  are  striking  differences  of  structure  in  the  two 
groups.  The  ultimate  fibces  of  the  red  muscles  show  very 
abundant  nuclei,  disposed  in  longitudinal  rows.  In  the  pale 
mueclea  they  are  scattered  and  few  in  number.  On  trans- 
verse sections,  made  after  drying  and  coloured  by  carmine, 
four  to  nine  spherical  nuclei  can  be  distinguished  in  each 
fibre  of  the  red  muscles,  occupying  slight  depressions  in  the 
muscle  substance,  or  even  embedded  in  its  centre.  The  trans- 
verse section  of  a  pale  muscle-fibre  shows  no  more  than  one 
to  four  flattened  nuclei  immediately  beneath  the  sarcolemma. 
In  skates  and  other  fishes  the  muscle  substance  is  separated 
from  the  sarcolemma  by  a  granular  layer.  Flattened  nuclei 
surrounded  by  a  thin  layer  of  protoplasm  cover  the  deep  sur- 
fiice  of  the  sarcolemma,  and  others  are  embedded  in  the 
muscle  substance.  Those  which  occupy  the  deep  surface  of 
the  sarcolemma  are  much  more  numerous  in  the  red  muscles. 

Eanvier  concludes  by  suggesting  that  the  pale  muscles 
with  their  sudden  contraction  may  be  the  muscles  of  action, 
while  the  slowly  and  more  persistently  contracting  red 
muscles  may  have  a  function  of  equilibration  or  regulation. 

3.  Living  Muscle. — Wagener  has  made  observations  on 
living  muscles  in  the  transparent  larvse  of  Goretkra  plumi- 
cornis,  which  he  specially  recommends  for  this  purpose 
('  Archiv  f.  Mikr.  Anae.,'  x,  293). 

4.  Muscles  in  Typhus. — In  another  memoir  (Ibid,  311), 
Wagener  studies  the  alterations  of  muscular  tissues  in  typhus 
and  typhoid  fever. 

^M  [Heads  Yll~^U  8ie  \uu,';q\&&V.^  -^^^^^^^^  ^^^^H 
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Medic Ai.  Micboscofioal  Society. 
Friday,  June  19(A,  1874. 

Osteo-aareoma. — Mr.  Needham  rpad  a  paper  upon  this  auLject, 
taking  aa  a  foundation  tbe  ease  of  a  young  man  who  entered  one  of 
the  metropolitan  hospitals  with  what  appeared  to  be  ao  oeteo- 
earcoma  of  tbe  head  of  the  tibia.  Hard  tumourp,  small  in  size,  were 
felt  in  tbe  groin,  as  well  as  deeply  beneath  tbe  muscles  of  the 
thigh.  The  patient  eventually  died  from  chest  complication,  fre- 
quent htemoptyaia  being  a  leading  symptom. 

At  the  post-mortem  tbe  growth  on  the  leg  was  found,  as  dia- 
gnosed, to  be  an  osteo- sarcoma,  while  similar  growths  were  found  in 
various  parts  of  tbe  body,  and  especially  in  tbe  lungs.  Micro- 
scopically the  growth  on  the  tibia — which  was  subperiosteal — had 
tbe  characters  of  true  osteo-sarcoma  ;  but  elsewhere  only  calcareous 
material  was  found,  instead  of  bone  with  lacunie,  Sm. 

Specimens  and  drawings  illustrative  of  the  case  were  exhibited. 
The  case  will  be  published  fully  elsewhere. 

Mr.  Golding  Bird  objected  to  the  term  osteo-sarcoma,  since 
calcareous  deposit  in  lieu  of  bone  was  found,  except  in  one  place. 
He  considered  the  earthy  deposit  aa  accideutal  rather  than  essential 
to  the  growth  as  indicating  degeneration. 

Dr.  Pritcbard  did  not  consider  calcification  in  all  cases  a  degene- 
ration ;  from  its  early  appearance  at  times  in  morbid  tissues  he 
considered  it  as  much  a  part  of  tbe  growth  in  which  it  occurred  as 
was  true  bone  in  an  osteo-sarcoma. 

Mr.  Needham,  in  reply,  agreed  with  Dr.  Pritcbard  in  not  con- 
sidering the  calcification  as  degenerative,  and  was  wUling  to  con- 
fine the  term  osteo-sarcoma  to  tbe  parts  of  the  growth  only  where 
osseous  tissue  with  lacunie  could  be  found. 

Imhedding  in  Elder  Pith, — Mr.  Golding  Bird  read  a  paper  on 
tbe  method  adopted  abroad  of  cutting  sections  of  tissues  imbedded 
in  elder  pith,  and  packed  in  a  microtome  especially  adapted  for  the 
purpose.  The  various  steps  in  the  operation  were  exhibited  and  ex- 
plained at  the  same  time.  The  principle  on  which  the  process 
depends  is  the  expansion  of  the  dried  elder  pith  on  the  addition  of 
water,  so  that  if  packed  in  the  tube  of  tbe  microtome  io  the  dried 
state,  and  then  allowed  to  imbibe  moisture,  anything  previously 
imbedded  in  it  is  firmly  gripped.  The  paper  will  appear  in  extemo 
in  the  '  Quarterly  Journal  of  Microscopical  Science." 

■       VOL.  SIV, NEW  SER.  *  "» 
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Mr.  Needhara  thought  the  pith  ti 
on  all  sides  of  the  tissue. 

Mr.  Groves  approved  of  the  combined  u 
way  that  had  been  shown,  as  overcoming  k 
of  wax  for  imbedding  in  a  microtome,  and  as  n 
efficient  iu  some  cases.     He  did  not  prefer 
be  held  in  the  hand. 

Mr.  Giles  thought  the  small  size  of  the  bore  of  the  instrument 
might  be  at  times  objectionable.  Suggested  the  ase  of  dried  carrot, 
if  pith  could  not  be  obtained  ;  it  would  swell  and  soften  on  the 
addition  of  water,  like  pith. 

The  Chairman  objected  to  the  pith-packing  in  the  caae  of  diseased 
spinal  cord,  though  in  a  healthy  specimen  the  pressure  exerted 
might  not  be  deleterious.  On  the  whole,  he  tltought  the  method 
described  simple,  quick,  and  one  giving  comparatively  no  trouble; 
while  the  miorotome,  being  held  in  the  hand,  was  for  some  reasons 
an  advantage.     Ue  should    certainty    adopt   the  pith-process   in 

Mr.  Golding  Bird,  in  reply,  stated  that,  if  properly  arranged, 
equal  support  could  be  given  to  the  specimen  on  all  sides  by  the 
pith,  or  even  the  combined  use  of  wax  with  pith  would  overcome 
every  difficulty  on  that  point.  Ho  thought  that  carrot  on  swelling 
would  be  too  hard  to  cut  conveniently,  or  would  ex«rt  too  much 
pressure.  The  only  reason  for  using  a  microtome  with  small  bore 
was  to  save  pith,  and  large  speoimcns  he  did  not  as  a  rule  imbed, 
but  cut  by  hand.  Had  never  used  pith  with  diseased  and  there- 
fore softened  spinal  cords,  but  for  normal  nerve-tissue  had  seen  it 
used  with  the  very  best  results  ;  a  proper  degree  of  hardeningin  some 
fluid  first  was  all  that  was  required. 


Fridaji,  July  \1tk,  1874. 

SJiin  Grafting. — Mr.  Golding  Bird  read  n  paper  on  the  mode  of 
growth  of  the  new  epithelium  after  skin  gi'afting,  or  at  the  edge  of 
a  skinning  ulcer.  Specimens  illustrative  of  the  subject  were  ex- 
hibited. 

A  summary  of  the  changes  observed  is  as  foLlowa : — A  prolonga- 
tion of  the  epithelium  forming  the  rete  inucosum  of  the  adjoining 
skin,  in  a  horizontal  direction  over  the  surface  of  the  neighbouring 
granulation  tissue  ;  the  vertically  placed  cells  of  the  rete  mucosum 
losing  their  upright  position,  and  becoming  more  and  mure  inclined 
till  quite  horizontal ;  the  epithelial  scales  placed  more  superficially 
taking  no  part  in  the  process,  but  becoming  shed,  so  that  the  new 
epidermis  was  only  one  third  the  thickness  of  that  of  the  skin  from 
wbieli  it  had  sprung.  He  ascribed  the  adhesion  of  the  new  epi- 
dermis to  the  underlying  granulation-tissue  to  the  insertion  of  the 
former  into  the  most  superficial  layer  of  the  tatter,  the  inter- 
cellular material  of  which  may  he  seen  becoming  fibriUated  like  the 
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fibrin  of  blood-clot  coincideutaJly  with  the  growth  onwards  of  the 
epithelium,  the  granulatioa-cells  disappearing  in  great  oumbera  at 
the  same  time.  Ue  bad  never  yet  been  nble  to  find  the  granuUtioD- 
oells  beconiing  developed  into  epithelium,  hut  he  had  seen  a  few 
of  them  lying  beeween  tbe  cells  of  the  epidermis.  The  granulation- 
tissue  beneath  tbe  earliest  formed  epithehum  was  the  first  to  become 
developed  into  fibrous  tissue. 

Mr.  Coupland  thought  the  disappearance  to  tbe  naked  eye  at 
times  of  a  graft,  and  the  subsequent  growth  of  epidermis  at  the 
spot  grafted  some  time  after,  was  a  proof  of  the  development  of 
epithelium  from  granulations, 

Mr,  Scbafer  referred  to  the  observed  transformation  of  white 
blood-corpusctes  on  the  recently  blistered  turface  in  the  frog. 

Mr.  Golding  Bird,  in  reply,  denied  that  a  graft  that  reappeared 
as  stated  had  ever  in  reality  disappeared.  Ue  believed  that  the 
deepest  layer  of  epithelial  cells  was  always  left,  though  uot  visible  to 
tbe  naked  eye. 

Pacinian  Corpuscle*. — Mr.  Schafer  gave  an  account  of  these 
bodies,  discussing  generally  the  various  opiaions  held  regarding 
them.  He  explained  their  several  componetit  [larts,  and  held  that 
the  "  core"  was  the  layer  of  protoplasm  described  by  Banvier  as 
covering  the  medullary  sheath  of  the  nerves.  He  had  seen  a  nerve 
pass  Ironi  one  Pacinian  body  to  another. 

Dr.  Pritehard  asked  if  the  Facinian  bodies  in  the  cat's  mesentery 
were  the  same  as  in  the  skin. 

In  reply  Mr.  Schiifer  stated  he  considered  them  identical. 

Mycetotna. — Microscopic  specimens  of  tbe  "  Fungous  I'oot  of 
,'Xndia"  were  exhibited  by  the  President. 


Ddblib  Miobosoopioal  Clob. 
2^rd  Jpril,  1874. 


An  Apparatus  for 
showed  an  apparatus 
obtain  "  dust  samples' 


■  VoHeeting  Dust  Particles. — Dr.  J.  Barker 
he  had  devised  and  conalruoted,  intended  to 
"  irom  the  air,  having  modified  for  tbe  purpose 
a  draught  inwards  by  means  of  the  fanners 
through  a  wide  lateral  tube,  within  which  were  fixed  a  number  of 
grooves  to  receive  a  few  slips  of  glass  moistened  with  glycerine. 
These  were,  of  course,  removable  for  examination  for  spores,  &c., 
under  the  microscope.  By  bringiug  this  apparatus  into  use  upon 
heights,  &c.,  samples  of  the  particles  carried  by  the  atmosphere 
could  he  obtained. 

Nucleus  of  Onule  of  Welmitschia.  —  Dr.  McNab  exhibited  a 
preparation  of  the  apex  of  the  naked  nucleus  of  the  ovule  of  Wei- 
witschia,  to  which  numerous    pollen-grains  with  the  pollen-tubes 
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were  attached.  He  reniarked  that,  whether  we  accept  the  earpelluj 
theory  or  not,  the  pollen -grain  3  of  arohispermB  or  gymnosperms  are 
invariably  applied  to  the  naked  nucleus  of  the  ovule,  and  not  to  a 
stigma. 

J^croKOpical  Structure  of  Spine  of  Colohocentrotua  atratiu, 
AgMsiz. — Mr.  bfitckintoah  showed  a  transverse  section  of  a  spine 
of  Coloboceatrolut  aCratut,  Agassiz,  which  furmd  a  somewhat  elon- 
gate ellipse,  the  major  being  about  twice  as  long  as  the  minor 
aiis.  When  viewed  under  a  low  power  the  general  appearance  is 
Accroeladia^like,  but  differrt  in  the  irregular  arrangement  of  iti 
periodical  rings,  iu  the  absence  of  the  widu  central  reticulation,  and 
in  its  oval  form ;  the  radiating  solid  lines,  also,  which  are  so  strongly 
marked  a  feature  in  Acorocladia,  are  absent  in  Colobocentrotui. 
When  examined  under  a  higher  power  the  central  part  is  seen  to  be 
occupied  by  a  regular  network  with  very  small  interspaoes,  and 
bounded  by  a  ring  of  solid  pillars,  outside  which  the  reticulation 
becomes  irregular,  and  continues  so  to  the  circumference,  the  largest 
spaces  being  situated  at  the  extremities  of  the  major  axis.  The  ex- 
ternal edge  is  crenulated,  the  prominences  forming  the  longitudiiial 
ribs  which  project  on  the  surface. 

Navicula  JaTitaicenais,  Qrev,,  and  a  Worm  of  Surirella  faglvota, 
Qrtev.jfrom  Philippine  Iglands. — llev.  E.  O'meara  showed  NavieuU 
Jamaicensis.  Grevule ;  also  the  peculiar  form  of  Surirella  fastuosa 
described  by  Greville  ('  Quart.  Joum.  Micr.  Sei.,'  vol.  x,  PI.  Ill, 
fig.  1).  These  were  found  in  material  scraped  from  shells  brought 
from  Cebu,  one  of  the  Philippine  Islands,  and  kindly  supplied  by 
O.  M.  Browne,  Esq.,  of  Liverpool. 

Sporeg  offreugia  eommulata,  exhibited. — Dr.  D.  Moore  showed 
sijores  of  Preissia  eommulata,  found  by  him  in  one  of  the  tanks 
iu  the  Victoria  House  at  the  Botanic  Qardeu,  and  which  he  was 
momentarily  puzzled  to  find  in  water ;  but  the  circumstance  was 
explained  by  his  finding  the  plant  established  hard  by. 

Musele  Spindle-thaped  Oella,  exhibited. — Mr.  B.  Wills  Sichard- 
son  exhibited  a  slide  containing  Beveral  isolated  organic  muscle 
spindle-shaped  cells,  slightly  stained  by  carmine.  He  observed  that 
although,  in  almost  all  the  cells,  the  nucleus  of  each  was  visible,  it 
did  not  appear  to  be  so  wide  as  represented  in  the  organic  muscle- 
cells  as  illustrated  in  many  works  on  histology. 

Anew  Species  of  Stawagtrwm,  exhibited. — Mr.  Archer  showed  a 
minute  new  species  of  Staitrastrum  with  its  zygospore  ;  but  without 
a  complete  techninaJ  description,  if  not  a  figure,  further  reference 

Sj>ecvmens  oflsotoma  arhorea,  remarkable  for  the  vast  quantiliet 
in  which  it  occurred,  exhibited. — Mr.  A.  G.  More  exhibited  a  minute 
creature,  evidently  belonging  to  the  CoUembola  of  Lubbock,  which 
bad  been  found  in  amazing  quantities  beneath  the  floor  of  a  green- 
house ;  they  were  removed  by  thousands. 

Dr.  E.  P.  Wright,  on  a  casual  examination,  seemed  to  think 
*^ev  were  specimens,  in  almost  all  stages  of  coloration,  of  Isotomn 
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Trickophylon  ionmram,  exhibited.— 'Dr.  Arthur  Barker  exhibited 
a  fihde  of  Trichophyton  tonsurans,  and  drew  atteution  to  its  myce- 
lioid  growth,  occasionally  presenting  a  somewliat  toruioHe  appear- 

Microgeopieal  Photographic  Negative*,  exhibited. — Mr.  Wood- 
worth  showed  Bome  excellent  photographic  negatives  taken  by  himself 
of  several  microscopic  objects — diatoms,  insects,  various  sections,  Ac. 
— mounted  for  employment  with  the  oxyhydrogen  lantern ;  they 
were  of  great  sharpness  and  accuracy  of  detail. 

Double-sporedor  Tmin-spored/orm  ofCi/lindroegatig  Brebiisonii  ? 
shown, — Mr.  Archer  showed  the  conjugated  state  of  a  Cylindro- 
eystis,  which,  if  taken  in  the  unconjugated  condition,  would  be  at  once 
pronounced  to  be  Oylindroeyiiis  Sribigeonii,  but  the  zygospore,  or 
rather  zygosporeB,  for  they  were  twin,  were  bo  remarkably  like  those 
of  Penium  didgmocarpwm,  Lundell,  as  scarcely  to  differ,  except  in 
being  notably  lai^r.  Thug,  these  vary  singular  examplea  suggest 
oneor  other  of  two  conclusions — either  that  Oglindrocy«ti«  Br4hi»sonii 
conjogates  in  two  ways  ;  at  one  time  with  a  single  spore,  as  often  met 
with,  and  as  figured  by  de  Bary  ('  TJiitersuchungen  ueber  die  Familie 
der  Conjugaten,'  T.  VII,  fig.  12, 13, 16, 17),  and  at  another  time  with 
a  doable  spore  or  twin  spores,  like  Penium  didymoearpwm,  Lundell — 
or  there  is  a  distinct  species  of  Oglindroeyetit,  so  like  Q/lindroeysHa 
Bribiisonii  that  observation  as  yet  furnishes  no  tangible  distinction 
in  the  unconjugated  state,  but  which  differs  in  the  conjugated  state 
therefrom.  Penium  didgmocarpum,L\inde\l,ao\ike  in  its  conjugated 
state  to  the  present  examples,  is  a  perfectly  distinct  plant  ^er  ee ;  it 
is  very  rare  m  Ireland  (found  as  yet  only  at  Connemara,  and  once  or 
twice  conjugated,  quite  agreeing  with  Lundell' s  figure)  ;  on  the  other 
hand,  Oylindrocystis  Brebisgonii  is  extremely  common,  and,  indeed, 
frequently  met  with  conjugated  (in  the  single-spored  way).  To  the 
former  view,  for  the  present,  Mr.  Archer  was  inclined  to  lean,  that 
is,  that  0.  Brehiesonii  conjugates  both  ways,  hut  in  the  double  way 
far  more  rarely  ;  indeed,  it  was  the  Grst  time  he  bad  ever  uotic^ 
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Sypertrophied  Bark  of  Uhnus  campestris. — Dr.  E.  Perceval 
"Wright  exhibited  a  section  of  the  bark  of  Ulmus  oampegtris,  from 
Killarney,  remarkably  hypertrophied,  producing  on  the  small 
underwood  stems  several  irregular,  elevated,  horizontal  ribs  of  con- 
siderable height,  and  formiBg  almost  a  disconnected  or  independent 
growth  of  extremely  exuberant  degree  of  development. 

NitMchia  grandig,  Kitton,  and  Amphora  laneeolata,  Cleve,  rp- 
hihited. — Eev.  E.  O'Meara  presented  a  slide  containing  a  new  species 
of  J¥?(w(tftia,  mounted  by  our  corresponding  member,  Mr.  Kitton, 
and  named  by  him  N.  grandig. — He  also  showed  Amphora  laneeo- 
lata, Cleve  ('Diat.  fr.  Spitzbej^n"),  aod  which  Mr.  O'Meara  had 
found  in  great  abundance  in  gatherings  made  at  Spitabergen  by 
fiev,  Mr.  Eaton. 
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Artificial  ProJuflion  of  Oryttalt  of  Oxalate  of  Lme.—Vroteaior 
Tiehborne  showi-d  some  artificial  crystalB  of  oxalate  of  lime.  These 
were  of  variouB  shaped,  but  the  well-known  typical  orosaed  octohedra 
were  there  in  great  abundance.  The  point  of  interest  in  connection 
with  them  was  the  ease  with  whieh  they  could  be  formed.  A  deep 
glass  WHB  taken,  into  which  was  placed  a  very  thiii  layer  of  a  satu- 
rated solution  of  chloride  of  calcium  and  a  piece  of  marble  ;  flwting 
upon  thb  was  put  a  conaiderable  depth  of  glycenTie,  and  again  on 
the  surface  of  this  a  weak  solution  of  oxalate  of  ammonia ;  &e 
whole  was  then  placed  on  one  side  in  a  situation  where  it  would  not 
be  disturbed  for  a  space  of  two  months.  Diffuaion  of  the  liquids 
took  place,  and  on  examination  a  fine  crop  of  this  crystal  was  found, 
capable  of  being  mounted  in  the  ordinary  manner. 

The  Connection  of  the  Peritoneal  "  Endothelial"  CelU. — Mr. 
B.  Wills  Bichardaon  exhibited  several  preparations  of  his  own 
mounting  to  illustrate  the  connection  of  the  peritoneal  "  endo- 
thelial" cells  with  one  another.  The  specimens  were  prepared  after 
the  nitrate  of  silver  process,  which  had  been  very  successful.  The 
so-called  cementing  substance  connecting  the  margins  of  the  endo- 
thelial plates  with  one  another  was  almost  black,  having  the  appear- 
ance of  a  beautiful  network.  This  was  very  well  seen  on  the  under 
enrface  of  the  abdominal  wall  of  the  mouse  and  in  the  peritoneal  but. 
face  of  a  rabbit's  bladder.  The  preparations  were  submitted  to  the 
action  of  the  nitrate  of  silver  solution  (one  grain  of  nitrate  to  every 
drachm  and  a  half  of  distilled  water)  for  two  minutes,  then  carefully 
washed  in  distilled  water,  and  afterwards  submitted  to  the  action  of 
bright  sunlight  for  about  one  minute,  when  they  were  ready  for 
mounting  in  glycerine. — Mr.  Bichardson  also  exhibited  a  carmine- 
atained  piece  of  the  desquamated  epithelium  of  the  frog,  and 
observed  that  he  had  failed  in  staining  the  cementing  substance 
connecting  the  cells  together  with  the  nitrate  of  silver ;  at  least  the 
nitrate  would  not  differentiate  this  substance  by  tinting  it  of  a 
darker  colour  than  the  cells. 

On  the  Siructare  of  Anorthite  Dolerite. — Professor  Hull,  F.R.S., 
exhibited  a  translucent  thin  slice  of  anorthite  dolerite  from  Carling* 
ford  mountain,  whieh  waa  apparently  similar  in  structure  and 
composition  to  the  dolerites  of  the  north  of  Ireland,  except  that  the 
nsaal  labradorite  felspar  was  replaced  by  anorthite.  The  determination 
of  this  felspar  had  been  made  by  the  Bev.  Professor  Haughton,  who 
found,  from  the  large  proportion  of  lime,  that  it  was  anorthite, 
which  he  attributed  to  its  proximity,  when  in  a  state  of  fusion,  to 
the  carboniferous  limestone  of  the  district.  In  composition  it  oon- 
eista  of  a  base  of  augite,  in  which  the  felspar  is  very  definitely  de- 
veloped in  the  form  of  distinct  crystals,  or  groups  of  crystals;  with  a 
low  power,  and  under  polarized  light  these  display  a  very  rich  play 
of  colours,  some  of  ruby  tint  being  particularly  beautiful,  whUe  the 
parallel  hands  and  fine  lin«s,  characteristic  of  the  triclinic  group  of 
febpars,  are  strongly  pronounced.  Along  with  these  are  a  few 
opaque  grains  of  magnetite,  and  one  or  two  large  rounded  grains, 
with  a  fainter  play  of  cq\omw  \i\iaTi  \t\  yae  oa*«  wynw  of  tHe  folapaw 
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or  augite,  which  are,  id  all  probability,  grains  of  olivine  or  pseudo- 
morphic  after  that  minei-al.  The  rock  is  largely  erystatiine,  granular, 
and  haa  been  called  "  anorthite-syanite  ;"  but,  as  the  basic  mineral  is 
aagite  rather  then  hornblend,  and  as  silica  is  altogether  absent,  the 
name  already  applied  to  it  aeeins  the  most  appropriate. 

Mierosoopicat  Structure  of  Spines  of  Oentrostephanus  Eodgerni, 
Agassiz. — Mr.  H.  W.  Maekiutosh  eihibited  transverse  sections  of 
spines  of  Oentroatephaaits  Sodgersii,  A.  Agasa.  In  this  form  the 
spines,  though  agreeing  in  being  hollov  and  deep  crimson  in  colour, 
difer  considerably  in  external  appearance  and  internal  structure. 
One  set  are  ftuiform  and  longitudinally  costate,  and,  in  section, 
show  the  central  cavity  to  be  surrounded  by  a  network  of  consider- 
able eitent,  which  sends  out  short  prolongations  to  bound  the 
wedge-shaped  solid  pieces,  whose  external  rounded  projections  form 
the  surface  ridges,  and  which  show  a  series  of  stris  (like  those  on 
atarch-graina  of  potato)  surrounding  a  more  or  less  distinct  point 
situated  near  the  base  of  the  wedg^  ;  the  interspaces  of  the  reticula- 
tions are  irregular,  both  in  shape  and  disposition,  except  along  the 
line  joining  the  bases  of  the  solid  pieces  with  the  centre,  where  they 
are  tolerably  uniformly  quadnlateral,  and  placed  directly  behind  one 
another.  The  other  form  of  spines  tapers  gradually  from  the  base 
to  the  point ;  they  are  abruptly  serrate,  and  have  the  central  cavity 
much  wider ;  they  display  in  section  a  series  of  urn-shaped  solid 
pieces  (with  thin  strife,  much  less  distinct  than  in  the  wedges), 
whose  stems  arise  from  a  narrow  ring  surrounding  the  central  space, 
and  are  joined  by  an  extremely  irregular  band  of  reticulations  ; 
the  solid  pieces  are  also  united  by  broad  solid  bands  irregularly 
placed. 

BporangiuM-Uke  Struetwe  in  FolyacUs. — Mr.  Pim  showed  a 
seemingly  peculiar  condition  of  a  form  of  Polyaclis,  presenting, 
supported  on  branches  of  the  hypha,  what  appeared  to  be  fruit-like 
or  sporangium-like  bodies  of  a  globular  figure,  in  which  he  believed 
he  had  seen  a  division  of  the  contents  into  a  number  of  spores.  The 
present  specimen  had  somewhat  altered  siace  being  put  up,  and 
these  bodies  now  offered  the  appearance  of  globular  mucous  heads 
to  the  supporting  stipes,  with  a  number  of  minute  granules  or 
corpuscles  withiu. 

Fentaatomum  proboscideum,  Diesing,  exhibited.— Dr.  A.  Mac- 
alister  exhibited  a  specimen  of  Fentattomum  from  the  lung  and 
peritoneal  cavity  of  Soa  imperator.  The  species  is  closely  allied  to, 
if  not  identical  with,  Featagtomum  proboscideum,  Diesing.  The 
epecimons  found  were  all  females,  and  showed  eggs  in  diSerent  de- 
velopmental stages.  He  deferred  any  further  account  until  he  had 
time  to  examine  all  his  specimens,  and  to  compare  them  with 
another  species  of  Pentaatomtan  ^  recently   obtained  by  him  from 

Cylindroeapaa  inooluia,  Beinsch,  new  to  Britain,  exhibited. — 
Mr.  Archer  showed  an  algal  form,  doubtleaa  identical  with  G/lin- 
drocapsa  involuta,  Keinach  {'  Algenflora  des  mittleren  Theiles  von 
Frauken,'  p.  66,  T,  VI,  f.  1,  a,  b,  a),  though  that  author's  description 
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his  plant  appears  not  quite  complete,  as  he  omits  to  mention  (ad- 
inittiog  the  identity)  that  the  cylindrical  hyaline  outer  envelnpe  of 
the  generally  but  few,  say  2  to  8  or  10,  component  cells  is  closed  at 
both  extremities,  rounded  offnt  one — the  upper — and  produced  and 
(at  least  temporarily)  attached  to  other  objects  at  the  other,  or 
lower,  extremity.  This  plant,  therefore,  simple  aa  it  appears,  see  mi 
to  oSer  a  differentiation  of  extremities — a  basal  and  an  apical.  The 
examples  agreed  with  BeinschV  in  the  dimensions  of  the  cells  them- 
selves, their  ovate  figure,  and  their  being  involved,  witbiu  the  outer 
OTliDdrical  envelope,  by  a  number  of  special  hyaline  iuTeatmenti ; 
these,  however,  not  seemingly  uniformly youi'  (as  Reinach  depicts), 
but  sometimes  two,  three,  or  four,  and  standing  off  from  the  cells  at 
uneven  distances.  Some  of  the  enamples  showed  cells  recently 
divided,  quite  as  shown  by  Beiuscb,  encloaed  in  the  tubular  common 
envelope,  with  their  longer  diameter  iu  the  direction  of  its  length, 
thus  unlike  C.  nuda,  in  which  the  cells  are  placed  transversely.  That 
author  does  not  state  that  the  (;ontents  are  not  a  bright,  but  a  dull 
lurid  green,  very  opaque.  Thus,  t\ie  morphology  of  this  plant  seems 
to  point  to  a  close  afiinity  with  Hbrmotpora,  which,  boo,  has  iti 
forms  with  the  cells  longitudinally  placed  (S.  mufaiilis  and  others), 
and  transversely  (H.  trantvertalu),  but  the  filaments  oi  Sormospora 
are  bright  and  beautiful  green,  the  cell-contents  characteristically 
arranged,  and  they  form  very  long  filaments,  seemingly  unattacbed. 
Gut  as  forms  or  form-species  (for  they  cannot  be  accounted  more  eo 
long  as  no  reproductive  prooeaa  is  known),  those  referable  to  Gylm- 
drocapsa  seem  quite  distinct,  and  none  more  so  than  the  form  now 
exhibited  ;  it  seems  to  be  very  rare  ;  Mr.  Archer  had  never  before 
noticed  it  (and  now  it  was  extremely  scanty),  anil  G.  nttda  had  only 
once  turned  up.  But  whether  these  be  mere  stages  of  other  growtha 
— mere  form-species  or  •permanent  parthenogenetic  forma — at  least, 
just  as  nell  as  many  others,  constantly  recurring  and  perfectly 
distinct  things,  such  as  Nageli's  genera  Apiocyttit,  OpMocfflium, 
de  Brebisson's  Sormo»pora,  &c.  &a.,  the  much  more  rare  fortm 
now  drawn  attention  to,  referable  to  Oylindrocapia,  are  entitled  to 
hold  a  place  for  purposes  of  reference  until  at  least  more  may  pet- 
chance  be  known  as  to  their  true  nature  and  position. 
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in,  401 
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Rliiaopod,  new,  317 
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EXPLANATION  OF  PLATE  I, 
Illustrating  G.  O.  Sars's  Paper  on  Rhabdoplenra. 

'FlQ. 

1. — The  ahimal  taken  out  of  the  cell  and  slightly  compressed,  seen  from 
the  left  side. 
e.  Buccal  shield. 

d.  Tentacular  arms. 

e.  (Esophagus. 

f.  Stomach. 
ff.  Intestine. 

A.  Contractile  cord. 

/.  Hyaline  semilunar  border  at  base  of  tentacular  arms. 
m,  The  under  lipv 

».  The  ciliated  tubercle  at  the  base  of  the  tentacular  arm. 
p.  The  flexor  muscle  of  the  tentacular  arm. 
q.  The  buccal  aperture. 

r.  The  cellular  body  between  the  end  of  the  intestine  and  the 
oesophagus. 

9. — ^The  animal  seen  from  the  ventral  side. 
(Letters  as  in  fig.  1.) 

3. — ^The  animal  seen  from  the  dorsal  side. 
(Letters  as  in  fig.  1.) 

4. — The  anterior  part  of  the  body  seen  from  in  front ;  e,  d,  I,  as  in  fig.  1. 

5. — A  part  of  a  living  colony  magnified  about  sixteen  times. 

aa.  The  cells  with  their  poTypides  in  different  states  of  protrusion. 
bb.  The  creeping  stem. 
ec.  The  buccal  shield. 
dd.  The  tentacular  arms. 
ff.  The  stomach. 
ff.  The  intestine. 
AA,  The  contractile  cord, 
u.  The  axial  cord. 

6. — ^A  piece  of  the  creeping  stem  freed  from  adhering  particles,  together 
with  the  bases  of  the  cells  and  their  polypides  mostly  stron^y  re- 
tracted, about  20  times  magnified,  showmg  the  single  chambers  into 
which  the  stem  is  divided. 

<!c.  The  buccal  shield. 

J^,  The  stomach. 

AA.  The  contractile  cord. 

it.  The  axial  cord. 

7. — The  earliest  stage  of  development  noticed. 

8. — A  further  developed  polypide  seen  from  the  dorsal  side ;  ee,  the  buccal 
shield ;  d^  the  tentacular  arms ;  A,  the  contractile  cord. 

9. — ^The  same  polypide  with  the  axial  cord  (t)  seen  from  the  ventral 
side. 
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2. — From  the  lower  jaw  of  »  fietal  armadillo  [Talu»ia   Peba)  liiaohei 
long.  ■ 
i.  Dentine  germ. 
c.  Enamel  germ. 

3  and  4. — Prom  a  fatal  armadillo  (T.  Psia)  3  incliea  long. 
h.  Dentine  germ. 
e.  Enftmel  genn. 
J.  Qenn  of  permanent  tooth. 
ff.  Eitremitj  of  tbe  oomus  of  the  enamel  germ. 
i.  Tbin  cap  of  formed  dentine. 
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DESCRIPTION  OF  PLATES  III  &  IV, 

To  illustrate  MM.  Van  Tieghem  and  Le  Monnier's  Researches 

on  the  Mueorini. 

Fig.  1. — Section  of  a  zinc  box  for  cell-cultures ;  it  is  arranged  to  hold 
two  rows  of  slides,  and  is  closed  above  by  a  glass  plate;  the  bottom  is 
covered  with  wet  sand  or  moistened  plaster. 

Fhycomyces  niiens. 

Eig.  2. — a,  spherical  spores  from  small  sporangia,  the  central  granules  are 
yellow ;  b,  fresh,  elongated,  ellipsoidal  or  concavo-convex  spores  from  large 
sporangia;  c,  older  spores,  the  wall  has  a  double  contour;  d,  older  spores 
germinating  with  rupture  of  the  exospore  (x  160). 

Fig.  3. — a,  spores  in  process  of  alteration  in  a  moist  medium,  the  proto- 
plasm condenses  into  nodules ;  b,  a  germinating  hypha  in  process  of  destruc- 
tion, its  base  still  inclosed  in  the  epispore  is  partitioned  off,  and  the  contained 
protoplasm  is  condensed  into  oval  corpuscles  ( X  820). 

Figs.  4 — 12. — Successive  stages  in  the  development  of  a  zygospore ; 
4^6,  before  the  development  of  the  processes  (x  40);  7,  8,  processes 
making  their  appearance  from  above  downwards  upon  one  of  the  arcuate 
cells  (X  40);  9 — 11,  their  appearance  upon  the  other  arcuate  cell  simul- 
taneously with  the  increase  in  the  size  or  the  zygospore  (9  x  120,  10  and 
11  X  40),  in  fig.  11  a  slight  traction  has  been  applied  to  the  two  conjugat- 
ing filaments ;  12,  mature  zygospore  enveloped  by  tlie  dichotomous  processes, 
many  of  which  are  broken  ( X  50), 

Fig.  13.— Side  of  attachment  of  an  arcuate  cell  with  processes  radiating 
all  round  (x  40). 

Fig.  14. — "  Vice"  arrested  in  its  development;  the  first  process  is  developed 
in  its  ordinary  position,  but  has  been  prolonged  and  developed  into  ordinary 
mycelial  hyphse  ( X  120). 

Fig.  15. — Base  of  a  sporangiferous  hypha  (a) ;  bb,  sterile  branches  (cell- 
culture)  (X  120). 

Fig.  16.— Group  of  three  small  sporangia  inserted  with  two  sterile  branches 
on  a  branch  {a)  of  the  mycelial  hypha  (m)  (cell-culture)  (X  120). 

Fig.  17. — Basal  dilatations  of  lateral  branches  (b,  b)  of  a  mycelial  hypha 
(cell-culture)  ( X  120). 

Thamnidium  elegans. 

Fig.  18. — Different  stages  of  the  fructification. 

Fig.  19. — Mycelium  which  has  produced — (i)  a  large  sporangium,  (ii)  a 


dichotom;  or  eigtit  small  aporangti,  (iii)  a  sscandary  lateral  dlcfiatDmj  nf 
mouosporic  sporaDgiulea. 

Fig.  30, — UoaoBjMrin  aporan^ales  with  granular  walla  (x  S50). 

Chalmtylum  Fretenii. 

Fig.  SI. — Lateral  branoh  iaBcrted,   irilli  numeroua   othera,  on  tlie  \xif 

ofa  DTPba;  it  teiimuatea  in  a  point,  and  bears  two  fake  verlicijs  of  britdi- 

lets.     The  lower  aporangioles  ora  of  tlie  fourtli,  tbe  upper  of  tlie  Uiud  J 

order  (x  350].  1 

Chmlocladium  Joaexii.  \ 

Fig.  S3. — Fruiting  hjpha  terminating  in  a  point,  and  bearing  upon  t 
middle  dilatation  mouosporio  sporangia  wiLb  grauular  trails  and  simpio  or 
dicbotomous  pedicels  ( x  S70J- 

Fig.  S3. — a,  a  monospotic  Bporaugium,  with  a  portion  of  its  pedicel;  b, 
one  ruptured  bj  pressure,  showing  the  inciosed  smoolli  spore ;  e,  e,  sporea 
eutirci;  freed  from  tbeir  sporangia ;  d.  a  apiire  escaping  from  its  aporanjiuoi 
at  tbe  commeiicsineat  of  genniiiatioa  (  x  S70). 

Figs,  84 — 37. — Successive  stages  of  germination. 

Fig.  38. — Granular-vailed  balloon-like  bodies  terminating  some  of  lL( 
brandies  (X  370). 

Fig.  IS7. — -Successive  stages  of  fructification  in  cell-culture. 

Gkmtoclaiium  Brefddii. 

Fig.  S9. — Mfoelium  proceeding  frum  a  single  spore  aTlcr  aixtj-serio 
Lours  1  the  lateral  procesties  are  onl;  figured  ou  a  singta  britucb  (m). 

Fig>  30. — End  of  a  principal  brancli  after  five  and  a  balf  dajs :  a  Utcnl 
process  (e)  haa  developed  a  sporan^irerous  branrli  (i/),  of  wbich  (he  aeriil 
portion  la  shaded  ;  it  bears  fertile  branches  {/  andyj,  and  also  sterile  oacs, 
at  itaba9e(x  IW). 

Fig.  31. — Eitremitjof  ahjphaafCer  four  and  a^lialf  dajs'  culture;  one  of 
its  branches  (a)  is  prolonged  into  ao  aerial  filament,  bearing  laterell;  nu- 
merous groups  of  ripe  sporangia  (X  190). 

Fig.  3^. — One  of  these  groups  of  monosporic  sporangia  ( x  400). 

Figs.  33,  34. — Lateral  processes  in  contact  with  a  hvpba  of  Mwx 
Mueedof,x  400). 

Fig.  35.— Three  spores  (i,  J,  if)  wbioh  have  germinated,  and  the  hyphie  of 
vhicb  have  fused  ( x  190). 
rig.  36.- 
190). 
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— rrotn  llie  bladiior  (if  a  rabbit,  stained  wil.h  chloride  of  goli 
ao  arlary  aiid  twogsQglia.  The  larger  gaaglioa  (i)  is  sum 
a  plexna  of  capiltortBs.  A  acrre-trunk  froDi  each  gang& 
doWD  to  Bupplj  the  aiteiy.    Uartoock,  No.  5. 


e-trunks  disBjjpcar  k 


I.  B,fl,  Nerve- trunks. 

c,  c.  Guiglia  (i,  and  u). 
a.  The  place  where  the  : 
I      ^H  leotitia. 

^^^J     ^^b  «/  Transverse  line  at  which  the  nerve-trunk  frciDi  ga 
^^^H^^^P  is  supposed  to  be  uiterrupted. 

^^^^^^*  S[  upd  B,.  Nerve-trunks  which  ought  to  be  continuous  n 
^^V  other,  aad  to  conneat  the  ganglia  i  and  a  tog 

^^B  DD.  CapillarteB. 

^B    1.— Nerre-truok  arising  fnia  ganglion  n  of  Bg.  3,  and  supplying  ^ 
^H  A  of  the  same  figure.     Hartnack,  No.  3.  1 

^^r  A.  Arterj.  " 

».  Nerve-trunk. 

a.  Nerve-fibres  ending  in  the  artery. 
D.  CapillarieB. 
B. — Troni  the  bhkdder  of  a  dog  stained  with  chloride  of  gold.    B 
No.  5. 

A,.  Artery. 

B,  and  a,.  Nerve-trunks    arising    from    ganglia    silnatf 

together  on  a  nerve-trunk  not  shown  in  the  figure. 
a.  Ner?e-fibres  ending  in  the  adventitia. 
6, — Ganglion  situated  on  a   large  nerve-trunk,   with   smaller  i 
ganglion,  from  the  bladder  of  ajlog  stained  with  chloride 
Hartnack,  No.  5. 
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DESCRIPTION  OP  PLATE  Vll—conU«Kd. 


Fig.  10.— Through 


Fig.  11.- 


Sle  Acalepbft  (Hjdro    , 
e  oeuro-dermal  layer  (&)  lii 


Between  the  gastral 
i)  lies  the  Qbro-dermal 

—Through  an  ActelomatouB  embryo  [Tlirbellaria).  The  aectioa 
goes  right  througli  the  primitive  braiii  or  (Ciiophageal 
ganglion  (»).  Between  the  oeuro-dermal  lasers  (A)  anii  the 
intestinal  glandular  lavers  (d)  are  visible,  moreover,  the  two 
fibrous  kmellEe  which  lie  compactl;  on  one  another — the 
outer  the  fibro-dcrmal  layer  (m),  and  the  inner  the  fibro- 
intestinal  layer  (_/"), 

Fig.  12. — Through  an  ABcidion  larva,  from  the  base  of  the  tail,  so  a»  to 
put  in  Ibe  lowest  eud  of  the  chorda  (.r)  between  the  medullary 
canal  (m)  and  the  intestinal  tube  (J).  Between  the  libro- 
dermal  layer  (m)  and  the  libro-intestiual  lajer  (/)  the  ccelom 
is  visible. 

Fig.  13. — Through  an  Amphioxwi  larva  (comjtare  Kowalevakv's  '  De- 
velopment of  Amphioxui,'  plate  a,  fig.  20).  I'he  fibro. 
intestinal  Uyer  (/)  is  still  entirely  eeparaled  from  the 
fibrQ-dormal  layer  (n);  the  entire  body  becomes  barely 
formed  from  the  four  secondary  germ-lam  ell  ee. 

Fig.  14, — Through  an  older  Amphioiia  larva.  The  medullary  canal  (») 
has  become  completely  unravelled  out  of  the  horny  layer  {h). 
I'he  fibro-dcrmal  layer  (n)  is  blended  together  with  the  £bro- 
inteatinal  layer  (_/*)  in  the  dorsal  middle  lice  (mesenteric 
line),  and  is  ditferentiated  into  the  skin  (/)  and  hollow 
muscles  (r).  Between  the  intestinal  tube  and  the  unravelled- 
out  meduliarj  canal  (m)  is  seen  the  commencement  of  the 
chorda  (r). 

£1g.  15. — Through  a  vrorm-embryo  (cephalic  segment  of  an  Annelid), 
Between  the  dorsal  (r)  and  velitral  (i)  longitudinal  muscles 
are  interposed  the  primitive  kidneys  [Begmental  organs,  ii) 
from  the  outer  derniul  layer  througnout  the  body-cavity  (c). 
On  the  upper  side  of  the  primitive  intestine  (a)  is  the  dorsal 
longitudinal  vessel  (0,  below  the  same  the  ventral  longi- 
tudinal vessel  appears  (z),  both  enclosed  in  the  flbro-intestinal 
layer  (f). 

Fig.  16. — Througli  a  vertebrate  embryo  (central  section  of  a  fish) 
Between  the  dorsal  (r)  and  ventral  (j)  hollow  lateral  muscles 
is  mterposed  the  first  appearance  of  the  primitive  kidney 
system  (u)  from  the  skin  throughout  the  body-cavity.  On  the 
upper  surface  of  the  primitive  intestine  (o)  is  the  primordial 
aorta  ((),  below  the  same  the  outline  of  the  heart  (or  the 
bulbus  arterionuB,  z)  is  to  be  seen,  both  enclosed  in  the  Sbro- 
intestinal  layer  (/).  The  only  real  difference  between  the 
typical  transverse  section  of  the  vertebrate  bodf  and  that  of 
tne  worm-body  (fig.  15)  is  that  in  the  former,  between  the 
medullary  tube  (b)  and  the  primitive  iutustine  {a),  the  chorda 
{s)  makes  its  appearance. 

Jeba  ;  S9tb  September,  1S73. 
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DESCRIPTION  OF  PLATE  VIII, 

To  illustrate  the  Rev.  O'Meara's  paper  on  Diatom  aceee 

from  Spitzbergen. 

Fig. 

1.  Namcula  arctica^  Cleve. 

2.  Grammatophora  arctiea,  Cleve ;  6,  side  view. 

3.  Amphora  laneeolata,  Cleve. 

4.  Navicula  pinnularia,  Cleve. 

5.  Synedra  Kamscaiica,  Gnm. ;  b,  side  view. 

6.  Asierionella  Cteviana,  n.  s.,  O'Meara. 

7.  Amphora  Eatoniana,  n.  s.,  O'Meara. 

8.  Amphora  Leiffhsmithiana,  n.  s.,  O'Meara. 

9.  Havicula  Archeriana,  n.  s.,  O'Meara. 

10.  Namcula  nebulosa,  var. 

11.  Sifnedra  arctica,  n.  s.^  O'Meara. 

12.  Navicula  Auklandica,  Grun.  ? 


DESCRIPTION   OF    PLATE 

Ulustrating  Mr.  G.  Busk's  paper  on  Clavopora  Hystrids — a 
New  Polyzoon  belonging  to  the  Family  Halcyoiielletc. 

fig  1.  Magnified  view  of  ttie  entire  growth,    (a)  One  of  tlie.zoo(Bcift. 

„   2.  A  portioD  of  the  stem,  showing  the  peculiar  fibres. 

„  3.  A  poition  of  the  capitukm,  nugniGed  to  the  some  degree,  shoiring 
one  01  the  zooiscia  contaiuing  a  poljpide. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  PterU  cretica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a.  Scalariform  dact. 

b.  First  leaf, 
r.  Root. 

8.  Stem  bud. 

4. — Yertical  section  of  prothallus  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
b^  leaf  from  upper,  b\  leaf  from  under  side. 

6. — Longitudinal  section  of  prothallus  in  fig.  1,  in  the  direction  of  the 
arrows. 

7. — Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


DESCRIPTION  OF  PLA.T1£S  X  &  Jl.—eoiiiinMid. 

S. — TmnBTerac  Mction  of  the  prothallu!)  in  Gg.  4  at  the  poiotj','  thiiii 
figured  ia  tlie  plate  with  the  under  side  at  the  ptothallns  nppermMt. 

9. — Longitudinil  lection  oF  protballus  in  Gg.  S  ia  the  direction  of  Iht 


10.— LongitDdinal  section  of  ■  prothaUas  p  p,  similar  to  %.  4,  maik 
through  the  pUce  of  origin  b;  budding  of  a  jouog  plant ;  the  otlwr 
letters  m  in  figs.  1—3. 

11. — Jlore  maguiGed  rieir  of  a  portion  of  the  prothallua  in  fig.  &. 
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JOURNAL   OF   MICROSCOPICAL   SCIENCE. 


EXPLANATION  OF  PLATE  XII, 

Illustrating  Mr.  Ray  Lankester's  papers  on  **  A  new 
type  of  Infusoria,"  and  on  "  The  Heart  of  Appenn 
dicularia  furcata^^ 

Figs. 

1—3. — Torquatella  fypiea;  three  specimens,     c.  Capitular  prominence  or 
upper  lip  over-hanging  the  mouth. 

4. — The  same,  a  side  view  of  another  specimen,  as  seen  swimming. 

5. — The  same;  another  specimen  seen  from  above. 

6. — Heart  of  young  Jppendicularia/urcaia. 

7.^-Heart  of  a  full-grown  specimen,    s.  Secondary  corpuscles. 

8. — One  heart-cell,  with  out-growing  fibrill» ;  from  another  specimen. 
s.  Secondary  corpuscles. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  Pteris  cretica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a.  Scalariform  duct. 

b.  First  leaf, 
r.  Root. 

8,  Stem  bud. 

4. — Vertical  section  of  prothallus  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — ^Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
by  leaf  from  upper,  b\  leaf  from  under  side. 

6. — ^Longitudinal  section  of  prothallus  in  ^g,  1,  in  the  direction  of  the 
arrows. 

7* — ^Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


DESCUIPTION  OF  PLATE  VU-eontmued. 

Fig.  10> — Through  a  slmole  Acalepba  (Hjdrotd).  Between  the  matraL 
layer  (i)  and  tne  neuro-dernml  layer  {h)  liea  the  Gbro-aermEil 
Ujer. 

Fig.  11. — Through  an  Aooalomatous  emb^o  (Turbellaria).  The  Kotion 
goes  right  tlirough  the  priiaitive  btaJn  or  iBaophageal 
{ganglion  (n).  Between  the  oeuro-dermal  layers  {A]  and  l^e 
intestinal  glandular  layers  (rf)  are  visible,  moreover,  tbe  two 
fibrous  lamelliB  nhich  lie  compactly  on  one  another — the 
outer  the  fibro-dermal  layer  (m),  and  the  inner  the  fihro- 
intestioal  layer  (/). 

Fig.  13. — Through  an  AaciiiiaD  larva,  from  the  base  of  the  tail,  so  as  la 
put  in  the  lowest  eud  of  the  cborda  (7)  betveen  the  medullar; 
canul  («)  and  the  intestinal  tube  {d),  Between  the  tihra- 
dermal  layer  (m)  and  the  Qbro-iutOEtinal  layer  (/)  the  ctBlom 
is  visible. 

Fig.  13. — Tbrough  an  Ampkioxus  larva  (compare  Eowalevskv's  '  De- 
velopment of  Amphioxm,'  plate  li,  Gg.  SU).  itie  fibro- 
inteatinal  layer  (/)  ia  still  entirely  separated  from  tiie 
fibro-dermal  layer  (n) ;  the  entire  body  becomes  barely 
.         formed  from  the  four  secondary  germ-lam  el  Ik. 

Fig.  li. — Through  an  older  Amphiomt  larva.  The  medullary  canal  (») 
has  become  completely  unravelled  out  of  tbe  horny  layer  [i). 
The  fibro-dermal  layer  (n)  is  blended  together  with  the  fibro- 
intestinal  layer  (/)  in  the  dorsal  middle  line  (mesenteric 
line),  and  is  differentiated  bto  the  skin  (/)  and  holloir 
muHcles  (r).  Between  the  mtestinal  tube  and  the  unravelled, 
out  medullary  canal  [«)  is  seen  the  commencement  of  the 
chorda  (x). 

Fig.  16. — Through  a  worm-embryo  (cephalic  segment  of  an  Annelid]. 
Between  the  dorsal  (r)  and  ventral  (6)  hingitudiual  muaclea 
are  interposed  the  primitive  kidneys  (segmental  organs,  k) 
from  the  outer  dermal  layer  tliroogliout  the  bodj-oavity  (e). 
On  the  upper  side  of  the  primitive  intestine  (a)  is  the  dorsal 
longitudinal  vessel  (f),  below  the  same  the  ventral  longi- 
tudioal  vessel  appears  (z),  both  enclosed  in  the  fibro-inteatinal 
layer  (/). 

Fig.  16. — Tbrou(,'ii  a  vertebrate  embryo  (central  section  qF  a  Sab) 
Between  the  dorsal  (r)  and  ventral  {i)  hollow  lateral  muscles 
is  interposed  the  first  appearance  of  tbe  primitive  kidney 
system  (u)  from  tbe  skin  throughout  the  body-cavity.  On  the 
upper  surface  of  tbe  primitive  intestine  (0)  is  the  primordial 
aorta  (()>  below  tbe  same  the  outline  of  the  beart  (or  the 
bulbus  arteriosus,  e)  is  to  be  seen,  boih  enclosed  in  the  fibro- 
intestinal  layer  (/).  The  only  real  difference  between  the 
typical  transverse  section  of  the  vertebrate  bodv  and  that  of 
the  worm-body  (fig.  15)  is  that  in  the  former,  between  tbe 
medullary  lube  {n)  and  the  primitive  intestine  (a),  tbe  chorda 
(ic)  makes  its  appearance, 

Jen*  ;  29th  September,  1S73. 
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DESCRIPTION  OF  PLATE  VIII, 

To  illustrate  the  Rev.  O'Meara's  paper  on  Diatom  aceee 

from  Spitzbergen. 

Fig. 

1.  Navieula  areiica^  Gleve. 

2.  Orammatophora  arctiea,  Gleve ;  6,  side  view. 

3.  Amphora  lanceolata,  Gleve. 

4.  Navictda  pinnularia,  Gleve. 

5.  Synedra  Kamscatica,  Grnrn. ;  b,  side  view. 

6.  Asterionella  Cleviana,  n.  s.,  O'Meara. 

7.  Amphora  Eatoniana,  n.  s.,  O'Meara. 

8.  Amphora  Lei^hsmithiana,  n.  s.,  O'Meara. 

9.  Havicukt  Archeriana,  n.  s.,  O'Meara. 

10.  Navieula  nebulom,  var. 

11.  Sjynedra  arctica,  n.  s^  O'Meara. 

12.  Navieula  Auklandica,  Grun.  ? 


DESCRIPTION    OF    PLATE 


I  illustrating  Mr.  G.  Busk's  paper  on  Clavopora  Hystricia — a 
P       New  Poljzoon  belonging  to  the  Family  Haley  on  elleie. 


Fig  1.  Magnified  TiBir  of  the  entire  growth,    (j)  One  of  the.,zo<MEcia. 

„   3.  A  portion  of  the  stem,  showing  the  peculiar  fibres. 

„  3.  A  portion  of  the  capitulam,  magnified  to  the  same  degree,  showiag 
one  of  the  looiecia  contaiuiiig  a  poijpide. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  Pieris  cretica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a,  Scalariform  duct. 

b.  First  leaf, 
r.  Root. 

s.  Stem  bud. 

4. — Vertical  section  of  prothallus  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
by  leaf  from  upper,  b\  leaf  from  under  side. 

6. — ^Longitudinal  section  of  prothallus  in  ^g,  1,  in  the  direction  of  the 
arrows. 

7* — ^Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


DESCRIPTION  OF  PLATE  Vll-eonlinued, 

Fig.  lO^-Through  a  stmole  Acalepbti  (Hjdro    , 

l»yer  (i)  aod  tne  neuro-derami  lajer  {A)  \l 

Fig.  11. — ThroDgh  bd  Aocelomstoua  enbrjo  (Tm-hellaria).  Thescction 
goes  right  tlirongh  the  priraitiie  braia  or  teaophiigeal 
ganglion  (n).  Betveen  the  neuro-dermai  layers  (h)  and  the 
mtestinal  glandular  lajera  {d)  are  visible,  moreover,  the  two 
flbrous  lametls  wbicu  lie  compnctlj  qb  one  another — the 
outer  tbe  fibro-dermal  lajec  (ni),  and  the  inner  the  fibro- 
inteatinal  lajec  (/'). 

Fig.  13. — Tbrough  an  Asciaiaa  larr a,  from  the  base  of  the  tail,  so  as  to 
putiutheloweet  endof  thecUonia(jr)  between  the  mednlkrj 
canai  (h)  and  the  inteatinal  tube  (d).  Betneen  the  libro- 
dermal  lajer  (b)  and  the  flbro-intestina]  lajer  {/)  the  cceloDi 
is  risible. 

Fig.  13. — Through  an  Amphioxvi  larva  {compare  Kowalersk^'B  '  De- 
relopinent  of  jtrnphioxut'  plate  li,  fig.  SO),  'fbe  flbro- 
inteatin»l  layer  (/)  is  atill  entirely  separated  from  the 
fibro-dermfti  layer  (n) ;  tbe  entire  body  becomes  barely 
formed  from  the  four  secondary  germ-lamella!. 

Fig.  14. — Through  an  older  Amphioxw  larva.  The  medullary  canal  {«) 
has  become  completely  utkravelled  out  of  the  horny  layer  {h). 
The  Sbro-dermol  kyer  (n)  is  blended  together  witb  the  flbro- 
inteBtinal  layer  (y*)  in  the  dorsal  middle  line  (mesenteric 
line),  and  is  differeutiated  into  the  akin  (/)  and  boUoir 
muscles  (r).  Between  the  intestinal  tubeaud  the  unravelled- 
out  meduUory  canal  (a)  a  seen  the  commencement  of  the 
chorda  {x). 

Fig.  IS. — Through  a  worm-embryo  (cephalic  segment  of  an  An  nelid). 
Between  the  dorsal  (r)  and  ventral  (i)  longitudinal  muscles 
are  interposed  the  primitive  kidneys  (segmental  oceans,  u) 
from  tbe  outer  dermal  layer  tlirougliout  the  body-cavity  (e). 
On  the  upper  aide  of  the  priuiitite  intestine  (o)  is  tbe  dorsal 
lon^tudinal  vessel  {t),  below  the  same  the  ventral  longi- 
tudinal vessel  appears  (z),  botb  enclosed  in  the  Qbro- intestinal 
layer  (/). 

Fig.  16. — Through  a  vertebrate  embryo  (central  section  of  a  fiali) 
Between  the  doraal  (r)  and  ventral  (j)  hollow  lateral  muacles 
is  interposed  the  Qrst  appearance  of  tbe  primitive  kidney 
system  (a)  from  the  skin  throughout  the  body-cavity.  Ou  the 
upper  surface  of  the  primitive  intestine  (a)  is  the  priinordial 
aorta  (f),  below  tbe  aame  the  outline  of  l.he  heart  (or  the 
bulbus  arteriosus,  2)  is  to  be  seen,  both  enclosed  in  the  fibro- 
inteatbal  layer  (/).     The  only  real  difference  between  the 


medullary  tube  (n)  and  the  primitii 
(x)  makes  its  appearance. 


intestine  {a),  the  ciiorda 
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DESCRIPTION  OF  PLATE  VIII, 

To  illustrate  the  Rev.  O'Meara's  paper  on  Diatom  aceee 

from  Spitzbergen. 

Fig. 

1.  Navicula  aretieoy  Cleve. 

2.  Orammatophora  arctiea,  Cleve ;  b,  side  view. 

3.  Amphora  lanceolata,  Cleve. 

4.  Navicula  pinnularia,  Cleve. 

5.  JSynedra  Kamscaiica,  Gran. ;  b,  side  view. 

6.  Asterionella  Cleviana,  n.  s.,  O'Meara. 

7.  Amphora  Eatoniana,  n.  s.,  O'Meara. 

8.  Amphora  Leighsmithiana,  n.  s.,  O'Meara. 

9.  Navicula  Archeriana,  n.  s.,  O'Meara. 

10.  Navicula  nebulosa,  var. 

11.  Syned/ra  arctica,  n.  s^  O'Meara. 

12.  Navicula  AuklancOca^  Grun.  ? 
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DESCRIPTION    OF    PLATE   IX, 

I  tUustrating  Mr,  G.  Busk's  paper  on  Clavopora  Hygtriois — a 

New  Polyzoon  belonging  to  the  Family  Haley  on  elleip. 


Fig  1.  Magnified  view  of  tbe  entire  growth,    (a)  One  of  the.,zoocecia. 
„   S.  A  portion  of  the  stem,  showiiig  the  peculiar  fibres. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  Pteris  cretica^  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a,  Scalariform  dact. 

b.  First  leaf, 
r.  Root. 

8,  Stem  bud. 

4. — ^Yertical  section  of  prothallas  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
6,  leaf  from  upper,  b',  leaf  from  under  side. 

6. — ^Longitudinal  section  of  prothallus  in  ^^,  1,  in  the  direction  of  the 
arrows. 

7' — ^Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 
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EXPLANATION  OF  PLATE  XII, 

Illustrating  Mr.  Ray  Lankester's  papers  on  '*  A  new 
type  of  Infusoria,"  and  on  ''The  Heart  of  Appen^ 
dicularia  furcata^ 

Figs. 

1—3. — Torquatella  fypica;  three  specirnens.     e.  Capitular  prominence  or 
upper  lip  over-lianging  the  mouth. 

4. — The  same,  a  side  view  of  another  specimen,  as  seen  swimming. 

5. — The  same ;  another  specimen  seen  from  above. 

6.— -Heart  of  young  Jppendiculariafurcaia, 

7.-— Heart  of  a  full-grown  specimen,    s.  Secondary  corpuscles. 

8. — One  heart-cell,  with  out-growing  fibrillse ;  from  another  specimen. 
8,  Secondary  corpuscles. 
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DESCUrPTION  OF  PLATES  1 

— TransccrsG  section  of  tbe  prothallua  in  fig.  4  at  the  point;;;  tbis  is 
figured  ia  tic  plate  witb  tlie  under  side  of  the  pratlidtus  uppermost. 

—Longitudinal  section  of  prothollus  in  fig.  S  id  the  direction  of  the 


10. — LoDgitudinal  section  of  ■  prathallns  p  p,  similar  to  fig.  4,  made 
through  the  place  of  origin  b;  budding  of  a  joaog  plant ;  the  other 
letters  as  in  figa.  1^3. 

11. — Mote  niagniGed  view  of  a  portion  of  the  protbaUus  in  fig.  5. 
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DESCRIPTION    OF    PLATE    IX, 

t  iSUustrattDg  Mr.  G.  Busk's  paper  on  Clavopora  Hysti 

New  PoI)J!Oon  belonging  to  the  Family  Haley oiiellete. 

fig  1.  Magnified  Tiew  of  the  entire  gravtii.    {a)  One  of  tbe.zoo«Bcia. 

„  2.  A  portion  of  the  stem,  shoving  the  peeuliar  fibres. 

„  3.  A  portion  of  the  cBpitulam,  magnified  to  the  same  degree,  showing 
one  of  the  loocecia  contaiuiog  a  poljpide. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  Pteris  cretica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a.  Scalariform  duct. 

b.  First  leaf, 
r.  Root. 

s.  Stem  bud. 

4. — Vertical  section  of  prothallus  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
b^  leaf  from  upper,  b',  leaf  from  under  side. 

6. — ^Longitudinal  section  of  prothallus  in  fig.  1,  in  the  direction  of  the 
arrows. 

7. — Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


6. — TraoBVersc  seclinn  of  tbe  protliaUus  in  fig.  4  at  the  point?,-  tliia  is 
figured  in  tbe  plate  with  the  under  side  of  tke  protiiallns  uppermost. 

9. — Longitudinal  aectioD  of  protballiis  in  6g.  2   in  the  direction  of  the 


10. — Loagitudiiud  section  of  a  prothalliu  p  p,  similar  to  fig.  4,  made 
through  tiie  place  of  origin  by  budding  of  a  joung  plant  ;  the  otber 
letters  as  in  figs.  1—3. 

11. — More  magoiSed  view  of  a  portion  of  the  prothaUua  in  &g.  5. 
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Ulustrating  Mr.  G.  Busk's  paper  on  Clavopora  Hyatrida — a 
New  PolyzooD  belonging  to  the  Family  Halcyonelk*Ee. 


Fig  1.  Magnified  view  of  the  entire  growth,    (a)  One  of  the.,zoo<Bcia. 
„   S.  A  portioD  of  the  alem,  showiDg  the  peculiar  fibres. 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteria  cretica. 

Figs. 

1—  3. — Different  forms  of  the  prothallus  of  Pteru  creiica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a.  Scalariform  duct. 
6.  First  leaf, 
r.  Root. 
s.  Stem  bud. 

4. — ^Vertical  section  of  prothallus  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  structures  as  before. 

5. — ^Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
bf  leaf  from  upper,  b',  leaf  from  under  side. 

6. — Longitudinal  section  of  prothallus  in  fig.  1,  in  the  direction  of  the 
arrows. 

7. — Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


8, — Transverse  section  of  the  prothallus  in  fig.  4  at  the  points-;  thisaJ 
figvued  in  the  plate  with  the  aadsT  side  of  the  prothailus  uppermoat,  j 

9. — LoDgitadinal  section  of  prothallus  in  fig.  2  in  the  direction  of  tho   I 

10. — Lonfi^tDdiiul   section  of  a  prothallus  p  p,  similar  to  &g.  4,  i 

through  the  place  of  origin  bj  budding  of  a,  jonng  plant ;  tlie  other 
letters  as  to  figs.  I — 3. 

11. — More  magntlled  ricv  of  a  portion  of  the  prothallus  in  Sg.  S, 
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EXPLANATION  OF  PLATE  XII, 

Illustrating  Mr.  Ray  Lankester's  papers  on  "A  new 
type  of  Infusoria,"  and  on  *'The  Heart  of  Appen^ 
dicularia  furcata^ 

Figs. 

1—3. — Torquatella  fypica;  three  specimens,     c.  Capitular  prominence  or 
tipper  lip  over-hanging  the  mouth. 

4. — The  same,  a  side  view  of  another  specimen,  as  seen  swimming. 

5. — The  same ;  another  specimen  seen  from  above. 

6. — Heart  of  young  Jppendicularia/urcaia, 

7.— Heart  of  a  full-grown  specimen,    s.  Secondary  corpuscles. 

8. — One  heart-cell,  with  out-growing  fibrillse ;  from  another  specimen. 
8,  Secondary  corpuscles. 
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B. — Transverse  seclion  of  tbe  proth alias  in  &g.  i  at  tbe  point  7;  th!sJ9 
figured  ia  the  plate  <rith  the  under  aide  of  the  protballus  uppermost. 

9. — IiongitudiDai  section  of  prothallus  in  Gg.  2  in  the  direction  of  the 


10. — LoDgitudimJ  section  of  a  protbaUns  p  p,  similar  to  Sg.  4,  made 
through  the  place  of  origin  b;  budding  of  a  joaag  plant  ;  tbe  other 
letters  as  in  Cga.  1—3. 

11, — More  magailied  view  of  a  portion  of  the  protballus  in  fig,  5. 
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DESCRIPTION    OF    PLATE    IX, 

I  Illustrating  Mr.  G.  Busk's  paper  on  C/avopora  HyatricU — 
New  Polyzoon  belonging  to  the  Family  Halcyoiiellefe. 

Fig  1.  MagniGed  Tiev  ot  the  entire  growth,     {a)  One  of  the.,zcio<Ecia. 
„  2.  A  portion  of  the  stem,  shoving  the  peculiar  fibres. 
„  3.  A  portion  of  the  capitulam,  masnified  to  the  Bame  degree,  showing 


le  of  the  sooiEcia  contauiing  a  poijpidc 


a  po^pii 
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DESCRIPTION  OF  PLATES  X  &  XL 

Illustrating  Dr.  Farlow's  paper  on  an  Asexual  Growth  from 

the  Prothallus  of  Pteris  cretica. 

Figs. 

1~  3. — DifPerent  forms  of  the  prothallus  of  PterU  cretica,  with  antheridia 
and  root  hairs  on  their  lower  portions. 

a.  Scalariform  duct. 

b.  First  leaf, 
r.  Root. 

8,  Stem  bud. 

4. — Vertical  section  of  prothallas  somewhat  less  advanced  than  in  fig.  3 ; 
the  letters  indicate  the  same  stractnres  as  before. 

5. — ^Prothallus  producing  two  leaves  side  by  side;  a,  scalariform  ducts, 
by  leaf  from  upper,  b\  leaf  from  under  side. 

6. — ^Longitudinal  section  of  prothallus  in  fig.  1,  in  the  direction  of  the 
arrows. 

7- — Longitudinal  section  parallel  to  y  in  fig.  6,  and  more  highly  mag- 
nified. 

z.  Two  of  the  archegonium-like  group  of  four  cells,  which  are 
seen  to  have  no  immediate  relation  with  the  subjacent  scala- 
riform ducts. 


DESCRIPTION  OF  PLATES  X  &  ■Sl.—amtiiaitd. 

— TraDSterse  seclioa  of  tbe  prol.hdlus  in  Gg,  4  at  tbe  point  j-,-  tbis  is 
figured  in  tbe  pUte  with  tbe  uader  aide  oF  tbe  pratlialius  uppermost. 

— Iioogitudiaal  Bection  of  protballus  in  6g.  2  Id  tbe  direction  of  the 


10. — LoBgitudinjd  section  of  a  protboUna  p  p,  similar  to  Gg.  i,  made 
througb  Ibe  place  of  origin  by  budding  of  a  young  pknt ;  the  otber 
letters  as  in  llgs.  1 — 3. 

11.— More  magnified  view  of  a  portion  of  the  prothallus  in  Eg,  5. 
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EXPLANATION  OF  PLATE  XII, 

Illustrating  Mr.  Ray  Lankester's  papers  on  ^*  A  new 
type  of  Infusoria,"  and  on  *'The  Heart  of  Appen- 
dicularia  furcata^^ 

Pigs. 

1—3. — Torguatella  fypiea;  three  specimens,     e.  Capitular  prominence  or 
upper  lip  over-hanging  the  mouth. 

4. — The  same,  a  side  view  of  another  specimen,  as  seen  swimming. 

5. — The  same;  another  specimen  seen  from  above. 

6.— Heart  of  young  Appendiculariafurcaia, 

7.— Heart  of  a  full-grown  specimen,    s.  Secondary  corpuscles. 

8. — One  heart-cell,  with  out-growing  fibrillse ;  from  another  specimen. 
8,  Secondary  corpuscles. 
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VAL  OF  MICROSCOPICAL  SCIENCE.             H 

VATION  OF  PLATES  XIII,  XIV  &  XV,           H 

lUuBtrating 

Mr.  F.  M.  Balfour's  Paper  on  the  development          1 

of  the  Elasmobranch  Fishes  (Dog-fishes).                        ^ 

Complete  List  of  Reference  Letters. 

B 

Peculiar  nudei  formed  in  the  yolk. 

Similar  nuclei  in  the  cells  of  the  blastoderm. 

n' 

bd. 

FortnatiTe  cell  probably  derired  from  the  jolk. 

ny 

Network  of  lines  present  in  the  food-yolk. 

,i 

Yolk  spheriiles. 

% 

Line  of  separalion  between  the  blastoderm  and  the  jolk. 

«P 

Epibkst. 

•r 

Epidermia. 

// 

Lower  layer  cells. 

Mesoblaat. 

*r 

Hypoblast. 

Embryonic  swelling. 

Embryonic  rim. 

»4 

Line  indicating  the  edge  of  the  blastoderm. 

«  J 

Medullary  ffroove. 

Medullary  canal. 

</ 

Caudal  lobes. 

Cells  which  help  to  close  in  the  alimentary  canal,  and  which 

are  derived  from  the  jolk. 

o;! 

Vertebral  plates. 

S 

Head. 

0' 

Notochord. 

ci 

c*' 

Thickening  of  hypoblast  to  form  the  notochord. 

pp 

Pleuro- peritoneal  carity. 

pf 

Remains  of  pleuro -peritoneal  cavity  in  the  head. 

pro 

Frotovertebrte.                                                          ^^^h 

Stalk  connecting  embryo  with  yolk-sac.                    ^^^^^^H 

.^i,a,s!to 

1st,  2ad,  and  3rd  &c.  visceral  clefta.                        ^^^^^^B 

_ 

Olfactory                                                               '^^^^^^B 

^ 

Auditory  vesicle.                                                    ^^^^^^^H 

■ 

Fifth                                       ^^^^^m 

^^^^^M 

■          ™' 

■ 

Vap.s  nerve.                                                          ^^^H 

■          v 

Spinal  nerve.                                                           ^^^^^^1 

H 

■ 

■ 

L 

DoTud  aorta.                                                                             ^M 
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EXPLANATION  OF  PLATE  XII, 

Illustrating  Mr.  Ray  Lankester's  papers  on  ^*  A  new 
type  of  Infusoria,"  and  on  ''The  Heart  of  Appen- 
dicularia  furcata^ 

Pigs. 

1—3. — Torquatella  t^^a;  three  specimens,     e.  Capitular  pronunence  or 
upper  Up  over-hangiiig  the  mouth. 

4. — The  same,  a  side  view  of  another  specimen,  as  seen  swimming. 

5. — The  same;  another  specimen  seen  from  above. 

6.— Heart  of  young  Appendiculariafurcaia, 

7.— Heart  of  a  full-grown  specimen,    s.  Secondary  corpuscles. 

8. — One  heart-cell,  with  out-growing  fibrillse ;  from  another  specimen. 
8,  Secondary  corpuscles. 
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VAL  OF  MICROSCOPICAL  SCIENCE.               ^| 

VATION  OF  PLATES  XIII,  XIV  &  XV,           H 

IlluBtrating 

Mr.  F.  M.  Balfour's  Paper  on  the  development          ^| 

of  the  Elasmobranch  Fishes  (Dog-fishes).                        ^M 

Complete  List  of  Reference  Letters.                          ^H 

„ 

Peculiar  oaclei  formed  in  the  jolk.  ^^H 
Similar  nuclei  in  the  cells  of  t^e  blastoderm.                                  ^H 

n' 

bd. 

rormativc  cell  probably  derived  from  the  jolk.                             ^H 

li 

Network  of  lines  present  in  the  food-volk.                                   ^H 

h 

ep 

Epiblaat.                                                                                              ^H 

ef.  Epidennis.                                                                                ^^| 

11 

Lower  layer  c«lla.                                                                     ^H 

UeBoblast.                                                                                         ^H 

Ay 

Hypoblast.                                                                .^^^^^1 

Segmentation  carity.                                                       ^^^^^^^H 

Embryonic  swelling.                                                        ^^^^^^H 

Embryonic  rim.                                                         ^^^^^^1 

tb 

mg 

Medullary  groove,                                                                                ^^| 

Medullary  canal.                                                                          ■ 

is 

Caudal  lobes.                                                                                         H 

Cells  wliich  help  lo  close  in  the  alimentary  canal,  and  which       ^^1 

are  derived  Irom  the  yolk.                                                     ^^H 

ep 

Vertebral  plates.                                                                       ^H 

A 

Head.                                                                                       ^H 

al 

Alimentary  canal.  ^^H 
Notochord.                                                                                         ^^H 

ch 

ch- 

Thickening  of  hypoblast  to  form  the  notoobord.                         ^^1 

PP 

Pleuro-pentoneal  cavity.                                                                   ^H 

py 

Remains  of  picuro- peritoneal  cavity  in  the  he&d.                       ^^H 

prv 

Frotovertcbrte.                                                           ,^^^^^^H 

Stalk  connecting  embryo  with  yolk-sac.                       ^^^^^^^H 

V  c,  1,  S,  3.  &c 

1st,  2ad,  and  3rd  &C.  visceral  clefts,                        ^^^^^H 

_ 

olfactory                                                                4^^^^^| 

L        «,. 

Auditory  vealole.                                               ^^^^^H 

Fifth  nerve.                                                            '^^^^^H 

H 

I^^^^^^H 

■ 

Glosao- pharyngeal  nerve.                                         ^^^^^^^H 

■ 

Yagns  nerve.                                                           ^^^^H 

■ 

^^^^^H 

■ 

Splanchnoplcure.                                                      ^S^^^H 

■ 

■     .. 

hypoblast. 

Dorsal  aorta. 

k 

■EXPLANATION  OF  PLATES  XTIT,  XIT  &  XIV— CoB/wsed:  ' 
Lul  o/Ee/eretKe  Leileri — continued. 
ea  B.  Cardinal  vein. 
n  p.  Musolfl-plate. 
«  p'.  Earlj  formed  mass  of  maacles. 

ov.  Oviduct. 

p  ov.  Projection  which  becomes  the  ovarj. 

met.  Wolffian  duel. 

p  ted.  Frimar;  points  of  inTolution  from    the  pleuro-peritooa^ 

cavitj  Dj  the  coalescence  of  vhicli  tlie  Wolfflao  duct  !| 

formed. 

lu.r.  Supra  renal  bod;. 

p  H.  Pineal  gland. 

i/.  Heart. 

r.  Blood- vessel. 

All  the  figures  were  drawn  with  the  Camera  Lncida. 

Fio.  1. — Section  parallel  with  the  long  aiia  of  the  embryo  throngkj 
blastoderm,  in  which  the  floor  of  the  Begmentation  cavity  (#  e)  h  not  jl 
completely  lined  by  Cells.  The  roof  of  the  aeirinentation  cavity  is  broken. 
(MagniGed  60  diam.)  The  section  is  ioteudeil  chiefly  to  illustrate  the  dis- 
tribution of  nnclel  (n)  in  the  yolk  uader  the  hlastoderm.  One  of  the  chief 
points  to  be  noticed  in  their  distribution  is  the  fact  that  they  I'Drm  almost 
a  complete  layer  under  the  floor  of  the  segmentation  cavity.  This  probably 
indicates  that  the  cells  whose  nuclei  tbey  become  take  some  share  in 
forming  the  layer  of  ceUa  which  subsequently  (aids  fig.  i)  forms  the  floor  of 
the  cavity. 


n  of  blastoderm  and  subjacent  yolk  of  an  enibrvo  at 
uedullary  groove.     (Magnitted  300 


Fig.  2.— Small  portioi 
the  time  of  the  first  appearaJice  of  the  □ 

The  specimen  is  taken  from  a  portion  of  the  blastoderm  which  will  form 
part  of  the  embryo.  It  shows  two  large  nuclei  of  the  yolk  (»)  and  the  net- 
work in  the  yolk  boLween  them ;  this  network  is  seen  to  be  closer  around 
thi!  nuclei  tlian  in  the  intervening  space.  The  specimen  further  shows  that 
there  are  no  areas  representing  colls  around  tbe  nuclei. 

Fic.  3. — Section  parallel  with  the  long  axis  of  the  embryo  through  a 
blastoderm,  in  which  the  floor  of  the  segmentation  cavity  is  not  yet  covered 
by  a  comp]et.e  layer  of  cells.    (iVlagaiGud  60  diam.) 

It  illustrates  (I)  the  characters  of  the  epiblaat,  (3)  the  embryonic  swell- 
ing (#  »),  (3)  the  segmentation  cavity  (j  c).  It  should  have  been  drawn 
upon  the  same  scale  as  Gg.  4 ;  the  line  above  it  represents  its  true  length 
upon  this  scale. 

PlO.  4.— Longitndinal  section  through  a  blastoderm  at  the  lime  of  the 
first  appearaoce  of  the  embryonic  rim,  and  before  the  formation  of  tlie  me- 
dullarv  groove.    (MagniSed  45  dtam.) 

It  illustrates  (1)  the  embryonic  rim,  ^3)  the  continuity  of  epiblast  ami 
hypoblast  at  edge  of  this,  (3)  the  continual  difierentiation  of  the  loner 
layer  cells,  to  form,  on  the  one  hand,  the  hypoblast,  which  is  continuous  with 
the  epiblast,  and  on  tbe  other  the  mcsobliist,  between  this  and  the  epiblast; 
(4)  the  seffmentation  cavity,  whose  floor  of  cells  is  now  completed. 

a.B. — The  cells  at  the  embryonic  end  of  the  blastoderm  have  been  made 
rather  too  large. 

Fig.  5,— Surface  view  of  the  blastnderm  shortly  after  the  appeatN, 
of  the  medullary  groove.  To  show  the  relation  of  the  embtyo  to  I 
blastoderm.  — ' 


EXPLANATION  0?  PLATES  Xttl,  XIV  ft  XT— OwilfeBei. 

Via.  6  a  and  i. — Two  transverse  aectioiLS  oF  the  same  embiro,  shortly 
after  the  appearance  of  tlie  medallarj  {groove.    (MagniQed  96  diam.) 

a.  Le  the  region  of  the  groove.  It  shows  (1)  l.he  Iwo  masaea  of  mesoblast 
on  each  side,  and  the  deficiency  of  the  mesoblast  underneath  the  medallarj 

Guove;  (B)  the  commencement  of  the  closing  in  of  the  alimentary  canal 
low,  chieflj  from  cells  (h  a)  derived  from  the  yolk. 

b.  Section  in  the  region  of  the  head  where  the  medullary  groove  is  de- 
ficient, other  points  as  above. 

I^G.  7  a  and  6. — Two  transverse  sections  of  an  embryo  about  the  age  or 
rather  younger  than  that  represented  in  fij;.  5.    (Ma^ifled  96  diam.) 

a.  Section  nearer  the  tail ;  it  shows  the  thickening  of  the  hypoblast  to 
form  the  notochord  («A'). 

In  b  the  thickening  has  become  completely  separated  from  the  hypoblast 
as  the  notochord.  In  a  the  epiblasi  and  liypoblaat  are  continuous  at 
the  edge  of  the  section,  owing  to  the  section  passing  through  the  emhrjonio 

Fig.  S — Snrface  view  of  a  spatula-shaped  ombrjo.  The  figure  shows  (1) 
the  flattened  head  (h)  where  the  medullary  groove  ia  deficient,  (3)  the  caudal 
lobes,  with  a  groove  between  them ;  it  also  shows  that  at  this  point,  the 
mednUarj  groove  has  become  roofed  over  and  converted  into  a  canal. 

Tig.  3  a. — Transverse  section  of  fig.  8,  passing  through  the  line  «.  (M»g- 
nified  90  diam.)  The  section  shows  (1)  theabsenceof  the  medullary  groove 
in  the  head  and  the  medullary  folds  turning  down  at  this  time  instead  of 
onwards;  (3)  the  presence  of  tlie  pleuro-peritoneal  cavity  in  theliead  (.pp') ; 
(3)  the  completely  closed  alimentary  caniil  {a  I). 

Fig.  8  6. — Transverse  aection  of  flg.  8,  through  the  line  i.  (Magnified 
90  diam.)  It  shows  (1)  the  neural  canal  completely  formed;  (2)  the  vertebral 
plates  of  mesoblast  not  yet  split  up  into  somatopleurc  and  sphanchnopleure. 

Fig.  9. — Side  view  of  an  embryo  of  the  Torpedo,  seen  as  a  transparent 
object  a  little  older  than  the  embryo  represented  iu  fig.  8.  (Ma^oified  20 
diam.)  The  internal  anatomy  has  hardly  altered,  with  the  exception  of  the 
medullary  folds  having  closed  over  above  the  head  and  the  whole  embryo 
having  become  more  folded  oS  from  the  germ. 

The  two  caudal  lobes,  aud  the  very  marked  groove  between  them,  are 
seen  at  t  s.  The  front  end  of  the  aot-ochord  became  indistinct,  and  I 
could  not  see  its  exact  termination.  The  epithelium  of  the  alimentary 
canal  (a/)  is  seen  closely  underlying  the  notochord  and  becoming  continuous 
vith  the  epiblast  at  the  hind  end  of  the  notochord. 

The  first  visceral  cleft  (i  »  e)  and  eye  (op)  are  just  commencing  to  be 
formed,  and  the  cranial  flexure  has  just  appeared. 

Fio,  10.— Section  through  the  dorsal  region  of  an  embryo  somewhat 
older  thaa  the  one  represented  ia  fig.  9.     (Magnified  96  diam.) 

It  shows  (1)  the  formation  by  a  pinching  off  from  the  top  of  the  alimen- 
tary canal  of  a  peculiar  body  which  uni^erlies  the  notochord  («) ;  (2)  tlie 
primitive  extension  of  the  pleuro-peritoneal  cavity  up  to  the  top  of  the 
vertebral  plates. 

Fi8.  II  a,  i,  and  c. — Tliree  sections  cloaelj  following  each  other  from  an 
embryo  in  which  three  visceral  clefts  are  present ;  a  is  the  most  anterior 
of  the  three.  (Magnified  95  diam.)  InaLlof  these  the  muscle-plates  are  shown 
at  m  p.  They  have  become  separated  from  the  lateral  plates  in  i  and  e,  but 
are  stjjl  continuous  witli  them  in  a.  The  early  formed  mass  of  muscles 
is  also  shown  in  all  the  figures  (mp'). 

The  figures  further  show  (1)  the  formation  of  the  spinal  nervea  (fgn)  u 


I 


I 


EXPLANATION  OF  PLATES  XTII.  XIV  ft  -Tf— Continued. 

amall  bodies  of  c«lla  cloEelj  applied  to  the  npper  and  outer  ed^  of  the 
neural  canal. 

(3)  The  CO  mm  en  c  in  g  rorniation  of  tbe  cells  which  farm  the  axial 
skeleton  from  the  inner  (aplnnclino  pie  uric)  lavcr  of  the  muscle -plate.  Sec- 
tions b  and  c  are  given  more  especially  to  ahow  the  mode  of  formation  of 
the  ovidiict  (op). 

In  i  it  is  seen  as  a  to/irf  ino6  (or),  ariainw  froni  the  point  where  tbe 
aomatopleure  and  aplanehnoplenre  unite,  and  in  c  (the  section  behind  i) 
of  a  lolid  rod  (on)  closely  applied  to  the  epiblast,  whioh  has  gronn  hack- 
nrda  from  (he  knob  teea  in  6. 

N.B. — In  all  three  sections  onlj  one  side  is  completed. 

Fig.  13  a  and  i. — Two  Iransyerse  sections  of  an  embiyo  just  before  the 
appearance  of  the  external  gills.     (Magnified  QG  diom.) 

In  a  there  is  seen  to  M  an  involution  on  each  aide  (p  w  d),  while  i 
is  a  section  from  the  space  between  two  ijirolutiona  from  the  pleuro-peri- 
toneal  cavitj.  so  that  the  Wolffian  duct  (at  first  solid)  (u;  ij  is  not  connected 
as  in  n  witb  tbe  pie uro -peritoneal  cavitj.  The  further  points  shown  in  the 
sootiona  are — 

(1)  The  commencing  formation  of  tbe  ajiiral  valve  (a  t). 

fS)  The  sujirareual  oody  (aur). 

(3)  Tbe  oviduct  (oo),  wliioh  has  acquired  a  Inmea. 

(4)  Tbe  increase  in  length  of  tbe  muscle -plates,  the  spinal  ner 

Fig.  IB. — Section  through  the  dorsal  region  of  an  embryo  in  which  the 
external  gills  are  of  considerable  length.  (Magnified  10  diam.)  The  chief 
points  to  be  noticed  : 

(1)  The  formation  of  the  Wolffian  body  by  outgrowths  from  tbe  Wolffian 
duct  (wd). 

(2)  One  of  still  continaing  connections  (primitive  involutions)  between 
the  Wolffian  duct  and  tbe  pi  euro- peritoneal  cavity  (p  tc  d). 

(3)  The  OTidnct  lursclj  increased  in  size  (ou). 

N.B. — On  the  left  side  the  oviduct  has  been  accidentally  made  too  small. 

(t)  The  growth  downwards  of  the  muscle-plate  to  form  the  muscles  of 
the  abdomen. 

^B)  The  formation  of  an  outgrowth  on  each  side  of  tbe  mesentery  (ji  or), 
which  will  become  the  ovary. 

(6)  The  spiral  valve  (a/)- 

Fib.  14.— Transparent  view  of  the  head  of  an  embryo  shortly  before  the 
appearance  of  the  external  gills.  (Magnified  SO  diam.)  The  chief  points 
to  be  noticed  are — 

(1)  The  relation  of  the  cranial  nerves  to  tbe  visceral  clefts  and  the  manner 
in  wliich  the  glosso-pharyngcal  (y  I)  and  vagus  (n  g)  are  united, 

!Z)  The  remnants  of  the  pleuro-peritoneal  cavity  in  the  head  (p  p'). 
3)  The  eye  (151).    The  stalk,  as  well  as  the  bulb  of  tbe  eye,  are  sup- 
poied  to  be  in  locos,  so  that  the  whole  eye  haa  a  somewhat  peculiu 
appearance. 
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Fib.  1. — An  embryo  belween  the  Ttochosphere  and  Veliger  pluwes— 
somewbftt  oompresseil ;  loogeat  diameter  about  ^in  '^''^'  *"•  Mouth. 
t>.  Velum.  /.  Foot,  g  e.  Gastruk-endoderm,  now  assuming  a  bilobed 
cliBTHCter — tlie  SBC  GDcIosed  b;  it  Laving  tberefore  a  double  cavity,  a  right 
and  a  left.  g.  Point  of  closure  of  the  gaatrula-mouth.  p  i.  Podiele  of  in- 
vaginatioo — the  future  rectum,  i  p.  Tlie  shell-patch — a  thickened  area  of 
the  bodj  wall,  on  tiie  surface  of  which  the  sbell  first  forms,  and  bj  invagi- 
nation of  which  the  shell-gland  is  produced, 

Fie,  2. — YouBg  Veliger,  surface  view,  showing— m.  Mouth,     v.  Ve|^^_ 
f.  Foot.    Longest  iHanieter  about  y^  inch.  '^^H 

Fio.  3, — A  similar  specimen  from  the  oral  aspect.  ^^H 

Fib.  4. — A  similar  apecimen  somewhat  compressed  aud  seen  in  incwn- 
plete  optical  section,  m.  Month.  /.  Foot,  p  i.  Pedicle  of  invagination. 
t  k.  Bbell  overlying  the  depreesioa  of  the  shell-glaud,  which  is  now  visible. 

Fig.  fi. — Siuface  vievr  of  a  more  advauced  Veliger,  longest  diameter 
about  ^  of  Bu  iccb.  /.  Tbc  foot,  sboviing  bilobation.  s.  Velum  now 
forming  a  heart-shaped  area,  with  m,  the  mouth,  at  its  base.  t.  The  eje- 
tentacles. 

fio.  6. — Surface  view  of  a  more  advanced  embrjo,  in  a  position  fre- 
quentl;  assumed  at  this  period  of  development.  Lcugth  of  the  specimen, 
about  ^  inch.  fp.  A  doubtful  structure,  Ijing  between  the  two  bbes 
of  the  fool,  possibly  a  foot-pore.     Other  letters  as  above. 

Fig,  7. — A  much  more  advanced  embrjo,  about  -^  of  an  inch  long. 
f.  Foot,  fp.  Foot-pore.  -v.  Velum  now  assuming  the  character  of  "aub- 
tentacniar  lobes,"  I.  Tentacles.  /.  Lung- chamber,  n /.  Mantle-flap, 
or  free  border  of  the  mantle,    ah.  Shell. 

FlQ.  8. — An  embrjo,  a  little  older  than  that  of  fig.  5.  Length  about 
^  of  an  inch,  compressed,  treated  with  osmie  acid,  and  seen  in  partial 
optical  sectiou,  w.  Mouth,  ^^.  Pharjux.  orfj. Odontophore-sac.  /.Foot 
p  i.  Pedicle  of  invagittaVion  (tectum')  Nsit,l\  ckcb.!  termination,     mf.  Mantle- 
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flap.  mu.  Muscalar-celU  pmsing  from  bod;  wall  to  ceatrall;  placed  gas- 
tida-endoderni.  si.  ShelUmiug  np  u  a  watch-glass,  n/f.  Nerve-ganglion. 
(.  Tentacle,     p.  Velum. 

Fig.  9.— a,  b,  c.  d. — Four  conditioDa  of  cells  of  the  gastrula-endodemi 
from  embryos  a  little  younger  than  that  of  Fig.  8. 
Fig.  10. — A  similar  embryo  to  that  of  fig.  7.    Letters  as  before. 

Fig.  II. — A  small  embryo  (about  ^  ioch  long)  from  a  mass  coDtaining 
embryos  similar  to  those  of  figs.  7  and  10.  It  is  irregularly  developed  and 
has  the  aheQ-gland  oocnpied  by  a  bright  highly -refracting  plug,  i*.  f.  Foot, 
ph.  PharyQi.  e.  Velum,  mf.  Mantle-flap.  ih.  Shell.  «.  Plug  of  the 
shell-gland,    p  i.  Pedicle  of  iuragiuation  (rectum). 

Fio.  12.— Shell -gland  with  plug  it,  and  external  shell  ei,  of  the  same 
eaibrjo. 

Fig,  13.— Shell-gland  ot  another  embryo  and  circular  ahell-area  oovered 
by  the  disQ-like  shell. 

Fig.  14. — Shell-gland  and  nridely  open  mouth  of  the  same  from  another 
embryo. 

Fio.  15. — Optical  section  of  the  central  poition  of  the  shell -secreting  area 
at  a  later  stage  (viz.  that  of  (ig.  8),  showing  the  last  vestige  of  the  ahell- 
gland  as  a  small  depression. 

Fig.  16.— Optical  section  of  shell-secreting  area  of  an  embryo,  eitnilar  to 
tbat  of  Tig.  17,  showing  the  superficial  columnar  and  deeper  fuaiform  cella, 
and  the  delicate  shell,  tk. 

Fib.  17.^An  embryo  younger  than  that,  of  fig.  6,  considerably  younger 
than  that  of  fig.  8,  compressed  and  treated  with  osmic  acid.  Long  diameter, 
as  thus  seen,  about  ^q  inch.  f.  Foot.  ph.  Pharynx,  c.  Velum.  «g. 
Nerve-ganglion,  t  g  e.  Tunic  of  fusiform  celb  covering  in  the  gaatrula. 
endoderm.  sh.  Shell,  is.  Shell  gland,  pi.  Pedicle  of  iuTagination. 
g  a.  Rigbt-hand  cavity  of  the  bilobed  gastrula- stomach.  Observe  the 
fusiform  cells  passing  from  the  body-wall  to  be  connected  with  this. 

Fig.  is.— An  embryo  of  nearly  tbe  same  age  and  size  as  that  of  fig.  10, 
treated  with  osmic  acid.  v.  Velum,  f.  Bilobed  foot.  pk.  Pharyni. 
n  g.  Nerve-ganglion,  h.  Heart,  mf.  Maotle  flap.  n.  Kidney  formed  as 
an  in-pushing  from  the  reflected  flap  of  the  mantle,  m.  Muscular  fibres 
attached  to  the  bend  of  tbe  intestine,  i.  Intestine,  g.  Problematical  mass 
of  cells  lying  close  to  tbe  kidney.  I.  Lung-cbamber.  e  r.  C^cal  termi 
tion  of  the  intestine,    r  m.  Ketractor  (P)  muacle. 

Fig.  19. — Cells  of  the  body-wall  and  gastrula-endoderm  connected  by 
processes  of  the  latter,  from  an  embryo  of  the  same  age  as  tbat  of  fi 

Fie.  30. — Becnived  and  ciecal  termination  of  the  rectum  developed  from 
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embryo  a  Utile  older  than  that 


Flo.  ii. — Alimentac;  canal  of  aa  embrjo  about  tbc  age  of  that  of  fig.  8. 
ph.  PbarjQi.  a.  (Esopliagus  uot  ;et  open  to  pharjnx.  il.  Stomach ;  its 
Btrueture  concealed  and  obacured  b;  the  adjacent  gastni la-en doderm  oell- 
masBes.  i.  Intestine,  c.  Its  ciecal  termination,  gie.  Two  of  the  gastruta- 
endoderm  cells,  now  assnming  the  cliaracter  of  pellucid  globales  with  super- 
ficial granular  networks,  m.  Branched  muscular  cell  passing  from  the 
bod;-wall  to  the  latter.  The  intestine  is  aeen  to  have  a  auperiicia]  tunic  of 
fuaiform  cells,  and  to  be  connected  b;  such  cells  to  the  bod;-valI. 

Fig.  8l!.^Bodj-wall  and  some  of  the  modified  gastrula-endoderm  cells, 

from  a  stage  between  those  of  lig.  17  and  fig.  S.     ep,   E];iblast.     Iff  e.  Tunic 

of  fusiform  cells  coveriug  the  pellucid  bodiea  and  their  granuliir  networks. 

Fio.  93. — Anterior  part  of  the  alimcntar;  caiuil  and  bodj-wali,  of  same 

as  fig.  21,     ep.  Epiblast,     n  t.  Muscular  tunic,     m.  Muscles,    ng, 

e-ganglion. 
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